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receive only limited scientific review. Views o r  opinions contained 
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PREFACE 
From the beginning of 1978, the regional research activities 
at the International Institute for Applied Systems Analysis began 
to concentrate on the- elaboration of several case studies. These 
activities should provide insights into the ascertainment of the 
complexity of real problems of future regional development in 
reference to the workability of applied methods of systems anal- 
ysis. One of the two case studies begun is the Upper Notec River 
Basin. A Task Force Meeting was held on May 10-11, 1978 which 
was an introduction to the study. The primary ideas behind this 
meeting were to describe all the sets of problems which exist, to 
formulate the main interdependencies in the regional economy, and 
then estimate wha,t plan of action should be undertaken to solve 
the problem. 
The materia1.s of this meeting showed clearly that at least 
five main problems should be jointly analyzed: the development 
of regional irrigation systems; primarily, the growth of agricul- 
ture, then that of industry; the changes in future regional 
migration patterns; and the development of a systein of rural and 
urban settlements. One optimal or a few sub-cptimal solutions 
need to be prepared, taking into account not only the above- 
mentioned, but also a series of other problems (ratiocal concen- 
tration of production in agriculture, pollution, etc.). 
This meeting made possible the better understanding (at 
least for IIASA scholars), of the Notec Region's growth problems 
and to start cooperative efforts with Polish scholars. 
Murat Albegov 

Abstract 
The first Task Force fieetlng on Note& (Poland) 
regional development was held at IIASA, Schloss Laxenburg, 
Austria, May 10-11, 1978, with joint cooperation between 
the International Institute for Applied Systems Analysis 
and a group of prominent Polish scholars. The principal 
aim of this meeting was to clarify the main problems 
of this region to international scholars and to discuss 
the possibilities of their solution. 
A broad spectrum of intraregional problems, starting 
from water supply touching regional agriculture and 
industrial development, migration processes, development 
of urban and rural settlement systems, was discussed. 
The results of these discussions serve as a good 
introduction in problem understanding and promote the 
choice of the interdependent core problems to be solved. 
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WELCOMING ADDRESS 
R.E. Lev ien  
I t  i s  my g r e a t  p l e a s u r e  t o  welcome you t o  IIASA, t h o s e  who 
have  come from Po land  and from o u t s i d e  t h e  I n s t i t u t e ,  t o  p a r t i -  
c i p a t e  i n  t h e  Notec Task F o r c e  Meet ing.  W e  are i n t e r e s t e d  b o t h  
i n  t h e  s p e c i f i c  example o f  Notec and  i n  t h e  more g e n e r a l  p roblem 
o f  r e g i o n a l  deve lopment  as it a p p e a r s  i n  many c o u n t r i e s .  I n  
o r d e r  t o  g i v e  you a s e n s e  as t o  why t h e  I n s t i t u t e  h a s  s u c h  a n  
i n t e r e s t ,  I s h a l l  b e g i n  by b r i e f l y  r e v i e w i n g  IIASA's h i s t o r y  
and  major  a c t i v i t i e s .  I hope t h i s  w i l l  t h e n  set  t h e  s t a g e  f o r  
t h e  more i n t e n s e  and  s p e c i f i c  d e l i b e r a t i o n s  a b o u t  t h e  Notec 
V a l l e y .  
A s  a n  I n s t i t u t e ,  IIASA i s  s l i g h t l y  more t h a n  f i v e  y e a r s  o l d ,  
a l t h o u g h  t h e  p r o ~ o s a l  t o  e s t a b l i s h  it o c c u r r e d  a b o u t  t w e l v e  y e a r s  
ago .  I t  was a t  t h e  end  o f  1966 when t h e  t h e n  P r e s i d e n t  o f  t h e  
U n i t e d  S t a t e s ,  Lyndon Johnson ,  s u g g e s t e d  t h e  e s t a b l i s h m e n t  o f  a n  
i n s t i t u t e  t o  work on  t h e  common problems o f  t h e  d e v e l o p e d  c o u n t r i e s  
and  t h e r e b y  t o  s e r v e  as a b r i d g e  between E a s t  and West. H e  a s k e d  
h i s  n a t i o n a l  s e c u r i t y  a d v i s e r ,  fo rmer  s e c u r i t y  a d v i s e r  McGeorge 
Bundy, who w a s  t h e n  P r e s i d e n t  o f  t h e  Ford  F o u n d a t i o n ,  t o  t r a v e l  
t o  o t h e r  c o u n t r i e s  and  i n  p a r t i c u l a r  t o  t h e  S o v i e t  Union t o  see 
whethe r  t h i s  n o t i o n  would m e e t  w i t h  common a p p r o v a l .  I n  t h e  
b e g i n n i n g  o f  1967, Bundy m e t  w i t h  Jermen G v i s h i a n i ,  t h e  Deputy 
Chairman o f  t h e  USSR S t a t e  Committee on S c i e n c e  and Technology,  
t o  d i s c u s s  t h e  p r o p o s a l .  There  was common e n t h u s i a s m  f o r  t h e  
i d e a  and t h e  U n i t e d  S t a t e s  and t h e  S o v i e t  Union became t h e  
l e a d i n g  i n i t i a t o r s  o f  m u l t i - n a t i o n a l  n e g o t i a t i o n s  which t o o k  
p l a c e  o v e r  t h e  p e r i o d  1967 t o  1972. Dur ing  t h i s  t i m e  a n  
i n c r e a s i n g  number of  n a t i o n s  w e r e  engaged  i n  t h e  d e l i b e r a t i o n s ,  
u n t i l  by Oc tobe r  4 ,  1972, t w e l v e  N a t i o n a l  Member O r g a n i z a t i o n  
(NMO) r e p r e s e n t a t i v e s  m e t  a t  t h e  Royal S o c i e t y  i n  London and 
a g r e e d  t o  e s t a b l i s h  what  w e  now know as t h e  I n t e r n a t i o n a l  
I n s t i t u t e  f o r  A p p l i e d  Systems A n a l y s i s .  About n i n e  months l a t e r  
t h e  f i r s t  s c i e n t i s t  began work a t  t h e  I n s t i t u t e .  So a l t h o u g h  
t h e  I n s t i t u t e  l e g a l l y  i s  s l i g h t l y  o v e r  f i v e  y e a r s  o f  a g e ,  it 
w i l l  n o t  be u n t i l  n e x t  month t h a t  w e  c e l e b r a t e  t h e  f i f t h  ann i -  
v e r s a r y  of o u r  o p e r a t i o n s  h e r e  i n  Laxenburg. I n  May 1 9 7 6 ,  t h e r e  
was t h e  f i r s t  IIASA Conference a t  which w e  reviewed t h e  I n s t i t u t e ' s  
accomplishments  d u r i n g  i t s  f i r s t  t h r e e  y e a r s  o f  a c t i v i t y .  
What h a s  been t h e  p r o g r e s s  and t h e  n a t u r e  o f  work a t  t h e  
I n s t i t u t e ?  L e t  m e  b e g i n  by rev iewing  what w e  f e e l  was t h e  major 
h e r i t a g e  of o u r  founders- - the  peop le  who worked o v e r  t h a t  f i v e -  
y e a r  p e r i o d  t o  e s t a b l i s h  t h e  I n s t i t u t e .  They gave us  an  I n s t i -  
t u t e  t h a t  i s  f iongovernmcntaZ ,  u n l i k e  Uni ted  Na t ions  a g e n c i e s  
t h a t  a r e  e s t a b l . i s h e d  by in te r -governmenta l  agreement .  IIASA i s  
l e g a l l y  an  A u s t r i a n  a s s o c i a t i o n  and o u r  members a r e  s c i e n t i f i c  
o r g a n i z a t i o n s ,  one from e a c h  p a r t i c i p a t i n g  coumtry. The r e p r e -  
s e n t a t i v e s  on o u r  Counc i l  a r e  s c i e n t i s t s  and n o t  members o f  
f o r e i g n  m i n i s t r i e s ,  s o  t h a t  t h e  s t a f f  who come h e r e  from p a r t i -  
cu. iar  c o u n t r i e s  cone a s  i n d i v i d u a l s  and n o t  f o r m a l l y  a s  
r e p r e s e n t a t i v e s  o f  t h e i r  n a t i o n a l  v iewpoin t s .  Th i s  makes it 
p o s s i b l e  f o r  t h e  d e l i b e r a t i o n s  and d i s c u s s i o n s  a t  IIASA t o  be 
i n f o r m a l  and s c i e n t i f i c a l l y  o b j e c t i v e .  
Secondly ,  o u r  f o u n d e r s  e s t a b l i s h e d  t h e  I n s t i t u t e  t o  be 
d e d i c a t e d  t o  applied systems analysis. T h i s  p h r a s e  h a s  a  c e r t a i n  
e l e g a n t  ambigui ty  i n  t h a t  it does  n o t  have a s s o c i a t e d  w i t h  it t h e  
k i n d  o f  d i s c i p l i n e  and s c i e n t i f i c  community i n  many c o u n t r i e s  a s  
f o r  example p h y s i c s  o r  c h e m i s t r y  or  economics h a s .  Ra the r  it 
i s  what I would p r e f e r  t o  c a l l  a  c r a f t - - a  t e c h n i q u e  f o r  a p p l y i n g  
t h e  knowledge o f  s c i e n c e  t o  t h e  problems f a c e d  by mankind. I t  
i s  a  c r a f t  i n  t h a t  much o f  t h e  knowledge i s  p a s s e d  on th rough  
e x p e r i e n c e  and a p p r e n t i c e s h i p ,  n o t  th rough  t h e  k i n d  of d i s c i p l i -  
n a r y  f o r m a t s  o f  j o u r n a l s ,  t r a i n i n g  programs,  and t e x t b o o k s  t h a t  
one f i n d s  i n  p h y s i c s .  So IIASA had t h e  c h a l l e n g e  t o  e s t a b l i s h  
more f o r m a l l y  on  a  g l o b a l  s c a l e  t h e  d i s c i p l i n e  of  a p p l i e d  sys tems 
a n a l y s i s ,  t o  i d e n t i f y  what i s  meant by t h a t  p h r a s e ,  and t o  make 
it a  u s e f u l  a c t i v i t y .  
The t h i r d  d e c i s i o n  o f  o u r  c h a r t e r  and o u r  f o u n d e r s  was t o  
l o c a t e  t h e  I n s t i t u t e  i n  A u s t r i a .  They a c c e p t e d  t h e  o f f e r  of  t h e  
A u s t r i a n  Government t o  make t h i s  marvelous  S c h l o s s  a v a i l a b l e  t o  
u s .  S i n c e  t h e  founding o f  t h e  I n s t i t u t e  t h e  A u s t r i a n  Government 
h a s  worked v e r y  q u i c k l y  and  a t  g r e a t  expense  t o  r e n o v a t e  t h e  
S c h l o s s  f o r  o u r  u s e  and  by t h e  t i m e  it i s  f i n i s h e d  t h e y  w i l l  
have s p e n t  t e n  m i l l i o n  d o l l a r s  i n  d o i n g  s o .  They c h a r g e  u s  one 
A u s t r i a n  s c h i l l i n g  a y e a r  r e n t ,  and  w e  are f i v e  y e a r s  b e h i n d  i n  
o u r  payments.  
The f i n a l  d e c i s i o n  o f  t h e  c h a r t e r  and  o u r  f o u n d e r s  t h a t  w a s  
i m p o r t a n t  f o r  IIASA w a s  t o  e s t a b l i s h  a  p r i n c i p l e  o f  e q u i t y  and 
p a r i t y  i n  t h e  f i n a n c i n g  o f  t h e  I n s t i t u t e .  A l l  members are d i v i d e d  
i n t o  two c a t e g o r i e s  - t h e  c a t e g o r y  A members a r e  t h e  U n i t e d  S t a t e s  
and t h e  S o v i e t  Union who p r o v i d e  t h e  l a r g e r  amount o f  s u p p o r t  f o r  
t h e  I n s t i t u t e .  T h i s  y e a r  t h e i r  c o n t r i b u t i o n  i s  some 1 . 7  m i l l i o n  
d o l l a r s  e a c h ;  t h e  f i f t e e n  o t h e r  members ( s c i e n t i f i c  o r g a n i z a t i o n s  
from t h e  f i f t e e n  o t h e r  c o u n t r i e s )  p a i d  t h i s  y e a r  some 260  t hou-  
s a n d  d o l l a r s  e a c h .  Our c o n t r i b u t i o n s  are b a s e d  i n  some s e n s e  on 
e q u i t y  o f  p a r t i c i p a t i o n  i n  t h a t  w e  e x p e c t  e a c h  c o u n t r y ,  whe the r  
it i s  t h e  F e d e r a l  R e p u b l i c  o f  Germany, J a p a n ,  F i n l a n d ,  or  t h e  
N e t h e r l a n d s ,  t o  p a r t i c i p a t e  e q u a l l y  and  t o  pay  e q u a l l y .  The 
t o t a l  budge t  o f  t h e  I n s t i t u t e  i n  1978  i s  on t h e  o r d e r  o f  s even  
m i l l i o n  d o l l a r s  f rom c o n t r i b u t o r s  by NMOS and one m i l l i o n  d o l l a r i l  
from o t h e r  s o u r c e s .  
I n  a d d i t i o n  t o  t h e s e  c h a r t e r  p r o v i s i o n s  w e  have a n o t h e r  
h e r i t a g e  from o u r  f o u n d e r s  and  t h a t  i s  a  series of  v e r y  h i g h  
a s p i r a t i o n s .  These  are t h r e e f o l d .  The f i r s t  g o a l  w e  have  
e s t a b l i s h e d  f o r  o u r s e l v e s  i s  t o  f o s t e r  i n t e r n a t i o n a l  c o l l a b o r a -  
t i o n  and  c o o p e r a t i o n - - t h a t  i s ,  t o  see t h a t  s c i e n t i s t s  from many 
n a t i o n s  can  work t o g e t h e r  t h r o u g h  t h e  means o f  IIASA on problems 
o f  c o n c e r n  t o  a l l .  I n  p a r t i c u l a r  w e  aim t o  f i n d  o p p o r t u n i t i e s - -  
w i t h i n  t h e  s t a f f  h e r e ,  t h r o u g h  i n t e r n a t i o n a l  c o n f e r e n c e s  and t h r o u g h  
c o l l a b o r a t i v e  v e n t u r e s - - t o  b r i n g  t o g e t h e r  s c i e n t i s t s  from t h e  seven-  
t e e n  n a t i o n s  and p a r t i c u l a r l y  from n a t i o n s  E a s t  and West, c u t t i n g  
a c r o s s  d i f f e r e n c e s  i n  economic ,  s o c i a l ,  and p o l i t i c a l  backgrounds .  
The f o u n d e r s  o f  IIASA w e r e  r e p r e s e n t a t i v e s  of  s c i e n t i f i c  o r g a n i z a t i o n s  
and o b v i o u s l y  when t h e y  e s t a b l i s h e d  a  s c i e n t i f i c  i n s t i t u t i o n  t h e y  
e x p e c t e d  it t o  c o n t r i b u t e  t o  t h e  advancement of  s c i e n c e .  W e  c o n s i d e r  
sys t ems  a n a l y s i s  a  c r a f t  b u i l d i n g  on s c i e n c e  b u t  n o t  s t r i c t l y  s p e a k i n g  
a  s c i e n c e  i t s e l f  s o  t h a t  a  s econd  g o a l  o f  IIASA i s  t o  advance  t h e  
s c i e n c e s  c o n t r i b u t i n g  t o  i t s  work and t o  advance  t h e  c r a f t  of szjstems 
a n a l y s i s .  
Our t h i r d  g o a l  i s  t o  a p p l y  our  work t o  prob lems  o f  i n t e r n a -  
t i o n a l  i n p o r t a n c e .  W e  d i s t i n g u i s h  two s u c h  c a t e g o r i e s  of  
p roblems:  t h e  f i r s t  k i n d  w e  c a l l  g l o b a l .  These  are problems 
t h a t  i n h e r e n t l y  c u t  a c r o s s  n a t i o n a l  b o u n d a r i e s  and  c a n n o t  b e  
s o l v e d  by t h e  a c t i o n s  o f  s i n g l e  n a t i o n s .  IIASA h a s  a r o l e  t o  
p l a y  h e r e  b e c a u s e  w e  are t h e  o n l y  p l a c e  where a s c i e n t i f i c  
c o n s i d e r a t i o n  by s c i e n t i s t s  f rom E a s t  and  West c a n  b e  g i v e n  t o  
s u c h  p rob lems .  Examples o f  such  p rob lems  are p r o t e c t i o n  o f  t h e  
g l o b a l  climate, e x p l o i t a t i o n  o f  t h e  o c e a n s ,  o r  t h e  more g e n e r a l  
p roblem o f  t h e  g l o b a l  e v o l u t i o n - - g l o b a l  deve lopment  unde r  t h e  
demands of  a growing  p o p u l a t i o n .  The second  c a t e g o r y  of p rob lems  
o f  i n t e r n a t i o n a l  i m p o r t a n c e  are u n i v e r s a l  prob lems .  These  l i e  
w i t h i n  s i n g l e  n a t i o n s  b u t  are s h a r e d  by a l l  n a t i o n s .  Obv ious ly  
t h e  p rob lem t h a t  w e  are  d i s c u s s i n g  a t  t h i s  m e e t i n g - - r e g i o n a l  
deve lopmen t - - i s  one  t h a t  i s  u n i v e r s a l  i n  c h a r a c t e r .  Almost e v e r y  
n a t i o n  f a c e s  p rob lems  i n  t h i s  a r e a :  How t o  d e v e l o p  a new r e g i o n  
t h a t  h a s  new r e s o u r c e s  o r  t h a t  i s  l a c k i n g  i n  econcmic  deve lopment  
f o r  o t h e r  r e a s o n s ?  What are t h e  ma jo r  s t r a t e g i e s  o r  a l t e r n a t i v e s ?  
IIASA h a s  a r o l e  t o  p l a y  i n  e x c h a n g i n g  e x p e r i e n c e  and  methodology 
among n a t i o n s ,  a l l  o f  whom have had  t o  f a c e  s u c h  p rob lems  unde r  
d i f f e r e n t  c o n t e x t s  and  w i t h  d i f f e r e n t  t o o l s .  By b r i n g i n g  t o g e t h e r  
t h o s e  c o n t e x t s ,  t o o l s ,  and a p p r o a c h e s ,  w e  c a n  a l s o  l e a r n  some th ing  
o f  v a l u e .  
Now l e t  u s  r e t u r n  t o  t h e  i d e a  o f  s y s t e m s  a n a l y s i s .  What doe4 
t h a t  mean i n  p r a c t i c e ?  F o r  u s  it means two t h i n g s :  f i r s t ,  a 
c o n c e r n  w i t h  p rob lems  o f  r e a l  i m p o r t a n c e ,  p a r t i c u l a r l y  t h o s e  f a c e d  
by  dec i s i . onmaker s .  IIASA i s  n o t  h e r e  t o  s t u d y  t h e  problems 
s t r i c t l y  i n  a s c i e n t i f i c  s e n s e ,  b u t  t o  a d d r e s s  o u r  r e s u l t s  t o  
t h o s e  who make d e c i s i o n s  c o n c e r n i n g  s u c h  problems.  The second  
a s p e c t  t h a t  c o n c e r n s  u s  i s  t h a t  when d o i n g  a s y s t e m  s t u d y  one  
mus t  a d o p t  a c o m p r e h e n s i v e  approach .  F o r  example ,  when l o o k i n g  
a t  a g l o b a l  e n e r g y  problem one  mus t  s t u d y  it n o t  j u s t  as t h e  
e n g i n e e r  m i g h t  s t u d y  e n e r g y  p rob lems ,  o r  n o t  j u s t  as t h e  M i n i s t r y  
o f  Energy m i g h t  s t u d y  them, b u t  i n  a way t h a t  i n c o r p o r a t e s  w i t h i n  
t h e  b o u n d a r i e s  o f  t h e  problem t h e  m a j o r  a s p e c t s  a f f e c t i n g  t h e  
problem s u c h  as t h e  r e s o u r c e  c o n s t r a i n t s ,  i m p a c t s  on h e a l t h  o f  
a l t e r n a t i v e  p o l i c i e s ,  how one manages f u t u r e  energy s t r a t e g i e s ,  
what t e c h n i q u e s  can  be  used f o r  a n a l y s i s .  
L e t  m e  g i v e  you an example of  how I I A S A  a d o p t s  a c o n ~ r e h e n -  
s i v e  approach when s t u d y i n g  problems o f  i n t e r n a t i o n a l  impor tance .  
I mentioned two c a t e g o r i e s  of  problems--global  and u n i v e r s a l .  
One major concern  of a  g l o b a l  c h a r a c t e r  i s  g l o b a l  development.  
How w i l l  t h e  wor ld  e v o l v e  a s  t h e  p o p u l a t i o n  doub les  o v e r  t h e  
n e x t  s i x t y  o r  s e v e n t y  y e a r s ?  How w i l l  w e  m e e t  t h e  needs  f o r  t h a t  
p o p u l a t i o n  f o r  e n e r g y ,  food,  w a t e r ,  a  c l e a n  envi ronment ,  hous ing 
and s o  on? There have been s t u d i e s  t h a t  a d d r e s s  t h i s  i n  a  
comprehensive way--the g l o b a l  models i n  t h e  Club o f  Rome s t u d i e s  
f o r  example. However, IIASA dec ided  t h a t  a t  t h i s  s t a g e  i n  t h e  
e v o l u t i o n  o f  methodology it i s  more a p p r o p r i a t e  f o r  t h e  I n s t i t u t e  
t o  s t u d y  s i n g l e  s e c t o r s  w i t h i n  t h e  g l o b a l  p e r s p e c t i v e s  i n  d e p t h ,  
t o  do each  of  t h o s e  s e c t o r  s t u d i e s  i n  a  sys tems  way b u t  n o t  t o  
draw them t o g e t h e r  y e t .  W e  have c u r r e n t l y  underway a  major  
g l o b a l  s t u d y  on energy  f u t u r e s  and one  on food f u t u r e s ;  subse-  
q u e n t l y  w e  may u n d e r t a k e  s t u d i e s  of  t h e s e  o t h e r  s e c t o r s .  I n  t h e  
long  term we hope t o  b r i n g  them a l l  t o g e t h e r  i n  a  comprehensive 
approach.  Regional  development w i t h  which t h i s  meet ing  i s  con- 
c e r n e d  i s  a  u n i v e r s a l  problem t h a t  h a s  been deep ly  s t u d i e d  on a n  
i n d i v i d u a l  s e c t o r a l  b a s i s .  The energy  development o f  r e g i o n s ,  
t h e  a g r i c u l t u r a l  development o f  r e g i o n s ,  t h e  w a t e r  development 
o f  r e g i o n s ,  and t h e  env i ronmenta l  problems o f  reg-ions have been 
s t u d i e d  s e p a r a t e l y .  The I n s t i t u t e  s e e k s  t o  deve lop  an  i n t e g r a t e d  
approach t o  r e g i o n a l  development t h a t  would b r i n g  t o g e t h e r  t h e s e  
e f f o r t s  and draw t h e  boundary around t h e  many s e c t o r s  t h a t  c o n t r i -  
b u t e  t o  r e g i o n a l  development .  It i s  t h i s  q u e s t  t h a t  w e  s h a l l  
d i s c u s s  a t  t h i s  mee t ing .  
With t h i s  background l e t  me e x p l a i n  t h e  o r g a n i z a t i o n  of t h e  
I n s t i t u t e ' s  r e s e a r c h .  W e  have what w e  c a l l  a  m a t r i x  o r g a n i z a t i o n  
t h a t  i s  two d imens iona l .  The v e r t i c a l  columns a r e  r e s e a r c h  a r e a s  
t h a t  r e p r e s e n t  p o o l s  o f  s k i l l s  needed f o r  sys tems s t u d i e s .  W e  
b e l i e v e  t h a t  t o  c a r r y  o u t  a  b road  and comprehensive s t u d y ,  one 
must draw t o g e t h e r  s k i l l e d  p e o p l e  w i t h  s p e c i f i c  t a l e n t s  and t h e n  
p u t  them i n t o  an  i n t e r d i s c i p l i n a r y  team w i t h  a  c r o s s - c u t t i n g  
leadership. So we have four research areas: Resources and 
Environment, led by Oleg Vasiliev who is at this meeting, 
concerned with the natural endowments of the earch, with water 
resources, with environmental questions, climatological 
questions, etc. Secondly, there is the Human Settlements and 
Services Area, led by Andrei Rogers, that is concerned with 
human resources--the number of people on the globe, how they 
are distributed and the services they need, The third Area, 
Management and Technology, led by Rolf Tomlinson, has specialists 
in engineering, operational research, management and organization 
concerned with the man-made contributions to the global endowment, 
to organizations and technologies. And the System and Decision 
Sciences Area is concerned with the mathematical and computational 
to~ls for studying complex systems, There are also major research 
tasks that are done jointly with other areas. For example, the 
Resources and Environment Area is working on regional water 
develo?ment, on water quality, and on regional environmental 
management. These tasks provide the contacts with the scientific 
communities on a global scale that keep us up to date and help 
us to contribute to the advancement of knowledge in each field. 
uur-m 
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The second d imens ion  o f  o u r  m a t r i x  i s  r e p r e s e n t e d  by two 
c r o s s - c u t t i n g  rows which are o u r  major  programs o f  a g l o b a l  
d imens ion .  The f i r s t  i s  o u r  Energy Systems Program which i s  
concerned  w i t h  t h e  f u t u r e  development  o f  t h e  g l o b a l  e n e r g y  
sys t em from 15 t o  50 y e a r s  from now and i n  p a r t i c u l a r  w i t h  
s t r a t e g i e s  f o r  t h e  t r a n s i t i o n  from a n  e n e r g y  sys t ems  based  on 
o i l  and g a s  t o  one  based  on r e l a t i v e l y  i n e x h a u s t i b l e  s o u r c e s  o f  
e n e r g y ,  n u c l e a r ,  s o l a r  and  c o a l .  And o u r  second c r o s s - c u t t i n g  
study--Food and A g r i c u l t u r e - - i s  concerned  w i t h  t h e  development  
o v e r  t h e  n e x t  1 0  t o  15 y e a r s  o f  n a t i o n a l  a g r i c u l t u r a l  food 
p o l i c i e s  and t h e i r  i n t e r a c t i o n  th rough  t h e  i n t e r n a t i o n a l  market  
p l a c e .  What n a t i o n a l  p o l i c i e s ,  what i n t e r n a t i o n a l  p o l i c i e s  
w i l l  h e l p  t o  s a t i s f y  mankind ' s  need f o r  food  and a h i g h e r  l e v e l  
o f  n u t r i t i o n ?  
W e  have a  r e s i d u a l  c a t e g o r y ,  a s  a l l  good o r g a n i z a t i o n s  must ,  
t h a t  w e  c a l l  Genera l  Resea rch .  Here w e  h o l d  t h e  s e e d s  o f  f u t u r e  
programs a s  w e l l  a s  o t h e r  c r o s s - c u t t i n g  a c t i v i t i e s  t h a t  do n o t  
f i t  i n t o  t h e  s t r u c t u r e  a s  shown on t h e  m a t r i x .  An i m p o r t a n t  
s e e d  l y i n g  w i t h i n  G e n e r a l  Research  i s  o u r  work on r e g i o n a l  develop-  
ment,  l e d  by Murat Albegov. The a c t i v i t y  t h e r e  i s  i n t e n d e d  t o  
d e v e l o p  o u r  approach  t o  r e g i o n a l  development progams a s  w e l l  as 
t o  i n t e g r a t e  ongoing  work i n  t h e  e x i s t i n g  a r e a s ,  f o c u s s e d  on  a 
r e g i o n a l  l e v e l  t h r o u g h  t h e  a p p l i c a t i o n  t o  case s t u d i e s  s u c h  as 
t h e  Notec Case S tudy  i n  Poland,  t h e  S i l i s t r a  Case S t u d y  i n  
B u l g a r i a  and  p o s s i b l e  c a s e  s t u d i e s  i n  Sweden and I t a l y .  
T h a t  i s  t h e  o v e r a l l  s t r u c t u r e  o f  t h e  I n s t i t u t e ' s  r e s e a r c h  
program. There  are r o u g h l y  s e v e n t y  s c i e n t i s t s  whose s a l a r i e s  
a r e  p a i d  f o r  by NMO c o n t r i b u t i o n s ,  and t h e  u s u a l  r e s o u r c e s  i n  
computing and  l i b r a r y .  But t h e s e  i n t e r n a l  r e s o u r c e s  are r e a l l y  
o n l y  t h e  c o r e  o f  IIASA1s a c t i v i t y .  I f  w e  had t o  approach  t h e  
wide r a n g e  o f  problems w e  are conce rned  w i t h  u s i n g  o n l y  t h e s e  
l i m i t e d  r e s o u r c e s ,  w e  would have l i t t l e  hope of  s u c c e s s .  What 
i s  i m p o r t a n t  f o r  IIASA i s  i t s  u s e  of  t h i s  c o r e  t o  m o b i l i z e  and 
l i n k  a c t i v i t i e s  i n  o t h e r  c o u n t r i e s  and  e l s e w h e r e  o u t s i d e  o f  t h e  
I n s t i t u t e .  I n  a d d i t i o n  t o  t h o s e  s e v e n t y  s c i e n t i s t  w e  have e a c h  
y e a r  some t e n  g u e s t  s c h o l a r s  whose s a l a r i e s  a r e  p a i d  by t h e i r  
home i n s t i t u t i o n s .  Another  f i f t e e n  o r  s o  s c i e n t i s t s  a r e  working 
a t  IIASA suppor ted  by e x t e r n a l  funds  such a s  g r a n t s  from 
f ounda t i ons ,  UN a g e n c i e s ,  and from i n d i v i d u a l  governments.  But 
t h a t  i s  s t i l l  o n l y  some n i n e t y - f i v e  s c i e n t i s t s .  The r e a l  e x t e n s i o n  
o f  IIASA1s work o c c u r s  through c o l l a b o r a t i v e  r e s e a r c h ,  through 
j o i n t  a c t i v i t i e s  c a r r i e d  o u t  w i t h  o t h e r  I n s t i t u t i o n s .  I hope t h a t  
t h e  Notec Va l l ey  Case Study w i l l  be a n o t h e r  example of c o l l a b o r a t i o n  
where t h e  c o r e  group of  a c t i v i t y  a t  IIASA can s e r v e  as a  f r u i t f u l  
means f o r  l i n k i n g  a c t i v i t i e s  o f  o t h e r  i n s t i t u t i o n s .  Th i s  y e a r  
some 150 i n s t i t u t i o n s  i n  2 5  c o u n t r i e s  a r e  a c t i v e l y  c o l l a b o r a t i n g  
w i t h  t h e  I n s t i t u t e .  For example, we a r e  s t u d y i n g  t h e  c o a l  o p t i o n  
a s  a  major  energy  o p t i o n .  IIASAqs work done as p a r t  of o u r  Energy 
Systems Program is  p a r t  of a  major  e f f o r t  underway a t  t h e  B r i t i s h  
N a t i ona l  Coal  Board, a t  Ruhr Coa l  i n  t h e  FRG, and e l s ewhe re .  
It is  t h i s  so r t  of  j o i n t  work t h a t  makes it p o s s i b l e  for IIASA 
t o  a s p i r e  t o  t h e  h igh  g o a l s  of  i t s  founders  w i t h  some r ea sonab l e  
hope of succe s s .  
The n e x t  l e v e l  o f  i n t e g r a t i o n ,  o f  drawing on e x t e r n a l  
r e s o u r c e s ,  i s  work t h a t  i s  c a t a l y z e d  because  o f  IIASA1s e f f o r t .  
These are  a c t i v i t i e s  under taken  i n  o t h e r  r e s e a r c h  i n s t i t u t e s ,  
n o t  i n  c l o s e  c o l l a b o r a t i o n  w i t h  IIASA, b u t  s t i m u l a t e d  by o u r  
concern  f o r  a  p a r t i c u l a r  problem. 
And f i n a l l y  t h e r e  i s  t h e  a c t i v i t y  o f  in fo rmat ion  exchange, 
o f  which t h i s  mee t ing  is  one example, and o f  which t h e r e  a r e  
some 30 nieet ings o f  v a r i o u s  k i n d s  a t  t h e  I n s t i t u t e  each  y e a r ,  
many p u b l i c a t i o n s ,  and an  I n t e r n a t i o n a l  S e r i e s  on Appl ied  Systems 
A na ly s i s .  A l l  a r e  i n t e n d e d  t o  f a c i l i t a t e  t h e  exchange o f  i n f o r -  
mat ion between s c i e n t i s t s  working on similar problems i n  many 
c o u n t r i e s .  
T h i s  b r i e f  i n t r o d u c t i o n  t o  t h e  I n s t i t u t e  pe rhaps  g i v e s  you 
a  c l e a r e r  s e n s e  o f  why w e  a r e  i n t e r e s t e d  i n  working t o g e t h e r  w i t h  
t h e  P o l i s h  s c i e n t i f i c  community and w i t h  t h e  decis ionmaking 
community on t h e  Notec Case Study,  and how t h a t  f i t s  i n t o  o u r  
l a r g e r  concern  f o r  r e g i o n a l  development and f o r  problems o f  
i n t e r n a t i o n a l  impor tance .  W e  hope t h a t  c o l l a b o r a t i v e  e f f o r t s  
i n v o l v i n g  s c i e n t i s t s  a t  IIASA, from Poland,  and t h o s e  working 
on s imi lar  problems i n  o t h e r  c o u n t r i e s  such  as B u l g a r i a ,  I t a l y ,  
and Sweden w i l l  make major  advances beyond t h o s e  t h a t  any of 
t h e s e  groups  working t o g e t h e r  o r  a l o n e  might  a c h i e v e .  
Again, welcome t o  IIASA. I wish you s u c c e s s  i n  your  
d e l i b e r a t i o n s  and look  forward  t o  a  l o n g  and s t i m u l a t i n g  
p a r t n e r s h i p  between IIASA and t h e  P o l i s h  s c i e n t i f i c  and 
decis ionmaking community. 
SHORT D E S C R I P T I O N  O F  THE NOTEC DEVELOPMENT P R O J E C T  
R. Kulikowski 
I I A S A  
1 ,  @ha.,-acteristics of the Note6 Region 
-I-------------------------------- 
T%e Upper Notee region i s  located i n  central-nothem Poland 
/ s e e  Map I,/ ,  adjacent  t o  Vistulra r i v e r ,  although i t  belongs t o  
&Ira watershed, 1% overlaps with t r a d i t i o n a l  h i s t o r i c a l  regions 
o f  Kujawy / ~ u i a v i a /  and Wielkopolska / ~ r e a t e r  ~ o l a n d / .  The region 
is named a f t e r  the  basin of the upper par t  of the  r i v e r  Noteb. 
The upper par t  of the  Noted river cons i s t s  of two creeks ca l led  
West and East Hoteb respectively. The West Notee flows out of the 
SkorzecFo Lake, passes a number of lakes  and joins the  East Botqf 
creek. Then the river passes again a number of lakes ,  becoming 
t ranspor table  up t o  the  Odra r iver .  The t o t a l  region's  area i s  
2 61 94 km with a pupu1ar;tion of 476,900 people /see Map 2/. A s  such 
the region i s  comparable with an average non-urban voivodshfp 
/49 voivodehips make the  higher l e v e l  i n  two-tier l o c a l  adminiatra- 
t i o n  system i n  Poland, with ngminatg units at  the lower level/ .  
Since 61,0$ of the t o t a l  population i s  rural, the region i s  mainly 
agr icu l tu ra l .  InowrocZaw has 50,000 inhabi tants ;  two towns, around 
15,000 and the r e a t  of the towns l e s s  than 10,000 inhabi tants ;  
67,2$ of the t o t a l  region area  belongs t o  the Bydgoszcz Voivodship, 
20,2$ t o  Konin and 12,674 t o  WocXawek Voivodship; ~~dgoszcz-Tor& 
r,gglomerertion, above half a mil l ion inhabi tants  /see 1Cap 2/ would 
have an obvious influence on the region; 24,8$ of arable  land i s  
owned by large  s t a t e  farms and the r e s t  by pr ivate  farmers divided 
i n t o  comparatively amall farms, 
Map 1.  Location of the  Upper Note6 watershed region / i ts  boundaries 
denoted by ---- / i n  Poland. The watershed muchly over laps  
with the  t r a d i t i o n a l  Cuiavia region. 
Map 2. The Upper Note6 watershed reg ion  
. .  . t h e  watershed reg ion  Boundary 
-,-, , - t h e  voivodship boundaries.  
The region 's s p e c i a l i z a t i o n  i s  g ra in  production /51,0$/; 
pota toes  and sugar bee t  c o n s t i t u t e  22,1$ of the  land cu l t iva ted .  
The s o i l  i n  the region  i s  f e r t i l e  and the re  e x i s t  a l l  the  con- 
d i t i o n s  f o r  i n t e n s i f i c a t i o n  of a g r i c u l t u r e  production. However, 
tne p r e c i p i t a t i o n  i s  r a t h e r  low / i .e .  450-500 xidyear/  a s  compared 
with the r e s t  of the  country. The water shor tages  during the  
vegeta t ion  period limit a g r i c u l t u r e  production / e spec ia l ly  i n  the  
production of sugar  beets/.  
The inc reas ing  demand f o r  water by urban population, indus t ry  
and water t r anspor t  and r e s u l t i n g  shor tages  of water  supply f o r  
a g r i c u l t u r e  c r e a t e  misgivings t h a t  the  f u t u r e  r eg iona l  growth may 
s i g n i f i c a n t l y  be slowed down. It i s  believed t h a t  t h e  l a rge  regio- 
n a l  water development p r o j e c t s  should be launched soon i n  order  
t o  prevent the expected l o s s e s  i n  r eg iona l  economy and f i r s t l y  i n  
regional  a g r i c u l t u r e .  The p ro jec t  should be based on t h e  complex 
a n a l y s i s  of the  impact of water demand and supply on the  i n t e g r a  
ted  r e g l i o n a l  growth. 
Most of the r e sea rch  conducted i n  t h a t  a r e a  so  f a r  i s  
financed by the  Government Program connected with t h e  development 
and u t i l i z a t i o n  of wa,ter resources.  
2. Government Program and Research Organization 
............................................... 
The governmental program on t h e  development and u t i l i z a t i o n  
of water resources f o r  1975-1980 has  been created i n  1974 under 
the generz l  coordinat ion of the I n s t i t u t e  of li1eteorology and 
' Jater  Economy /IDIGW/.* The main objec t ive  of the  program i s  the  
development of bas ic  s c i e n t i f i c  technica l  and organiza t ional  
methodology, f o r  the  r e a l i z a t i o n  of water resources management 
- -- 
* ~ h e  d e t a i l e d  information on the program a re  given i n  the  Daper 
b J i s ,  "iViadomokci b:eteorologii i Gospodarki wodne j" ,  
T . 1 1  /:XX111/ No. 4 /1975/. 
in industrial-urban agglomerations and in agriculture. Within 
the program special attention is being paid to the pilot project 
dealing with the development of the ~ o t e &  region under the 
general. ~o;:;~dinati on of the Institute of Agr'l.cl.il t ~ r a l  Hydrology 
and G-rass.l.and Ecollorny/lMUZ/.  This institute !.s is~pposed to super- 
vise tile 'rl,liga.tioil construction project for Note&, lnrhlich is 
;ie:~~:.op.;.d by 7 ~ i . 1 -  : : i ; r ~ : ; i r ~ u ~ t ~ i t ~ g  Agsncy ELPROMEL. The estimated ~ o t e &  
irrigation area is 50,009 hectares = 500 sq Krfi by 1985 and will 
Fr:zr.ense after 1935 up t,o IOC,GOO hectares = 10O0 sq km. The 
projec~ expects the production value per ha to increase from 
3 3 /22-27/. 10' ZI to /50-55/' 10- Z1.. 
I n  order  t o  so lve  the  probleln i n  computerized form BIPHWL 
hes signed an agreement wi th  the  System Research I n s t i t u t e  /I,B.s./ 
of the  P o l i s h  Academy of Sciences. I n  p a r t i c u l a r ,  IBS w i l l  
develop t h e  programs f o r  o p t i n i z a t i o n  of weter system development 
con t ro l  and a l l o c a t i o n  of water resources during the  vegeta- 
t i on  pe;.iod. A s p e c i a l  agreement d e a l s  with the  development 02 t h e  
computerized d a t a  bank f o r  t h e  Note6 region. Af te r  s igning  the  
agreements i t  became obvious t h a t  t h e  successfu l  s o l u t i o n  of 
i r r i g a t i o n  problems reql*lires modelling of the  complex socio- 
ecowcxlic reg ional  processes.  Research i n  t h a t  a r e a  i s  being 
conducted i n  the I n s t i t u t e  of Systems Research and i s  financed 
by t h e  F o l i s h  Academy of Sciences. A s  far  as the  genera l  reg ional  
methodology i s  concerned, IBS cooperates c lose ly  with the I n s t i t u t e  
of Geography and S p a t i a l  Organization /IGPZ/ of the Academy 
of Sciences and wi th  t h e  Agricul ture  Academy. 
I n  1977 IBS signed an agreement wi th  IIASA i n  which both 
p a r t i e s  agree t o  e s t a b l i s h  c lose  cooperative r e sea rch  with IBS 
ca r ry ing  out  the  s p e c i f i c  Po l i sh  a n a l y s i s  and I I A S A  providing 
c o n s u l t a t i v e  support .  
The Kote6 p r o j e c t  cooperation s t r u c t u r e  i s  given i n  Figure 1 .  
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3. Assessment of the Research Problems 
........................................ 
Many of the existing large-scale irrigation projects, 
contrary to expectations, did not prove to stimulate significantly 
the regional economic growth. Examples of such projects are given 
in the survey by C.W. Howe: "The Effects of Water Resource 
Development on Regional Growth," WP-76-22, IIASA, Laxenburg, July 
1975. 
Due to the high investment cost there are usually misgivings 
expressed prior .to any decision taken in water systems. There is, 
however, no other way of minimization of the risk involved as the 
detailed and thoroughfull economic analysis of all the benefits 
and costs involved. That approach has already been adopted in the 
Notec project and a complex system of research institutes, shown in 
Figure 2, has been engaged i11 the. project. That system will work 
efficiently if the exchange of information and the coordination 
of individual efforts be possible. The system analysis, which 
uses an integrating approach and computerized models, seems to be 
very useful in the Notec Project development. 
The project's main objective is to evaluate the economic 
benefits resulting from investments in a water irrigation system. 
However, the estimation of costs and benefits cannot be done 
within the agriculture sector alone. 
The increasing yearly shortages of water supply result not 
so n~uch from the extension of agriculture productj.on but rather 
from the increasing use of water by industry and the urban popu- 
lation. Among the sectors which compete for water, agriculture 
is a losing partner. Since a similar situation occurs in many 
regions of the country, the optimun~ devel-opment of the water 
system and water allocation methodology is an urgent research 
task. The development of a water system is highly capital 
consuming while the total water investment, which represents 
a fraction of the agriculture investment, is limited each year. 
Therefore it is necessary to find by a cost-benefit analysis, 
the optimum magnitude of water investments for each year of 
the planning interval. In particular, it is necessary to find 
the location and size of the main water reservoirs and the 
construction schedule. In addition, the economic efficiency 
of water transfer from the Vistula Basin should be investigated. 
A combination of Fulkersonls "out of kilterf' and "bound and 
branch" algorithms can be used for that purpose. 
The size of irrigation projects depends to a great extent 
on the cost-benefit analysis carried out at the agriculture farm 
level. On the benefit side, it is necessary to investigate the 
agriculture production functions which depend on land, capital, 
labor, fertilizers and evapotranspiration (water consumptive use). 
The production functions should be constructed for all the crops 
which are cultivated in the region. Then the problem of aggrega- 
tion of different crop functions should be solved. The resulting 
production (benefit) function should be compared with the irriga- 
tion system cost function in order to find the optimum size of 
the irrigation project at each particular farm or sub-region. That 
problem should be solved under the condition that the investment 
magnitude is limited. Besides the constraints which follow from 
the operation of a water system (i.e. the admissible w3ter levels 
and water flows at each water reach) should be taken into account. 
Then a model concerned with an optimum allocation of the water over 
space and time subintervals can also be constructed. 
The elaboration of the system of models in such a way enables 
one to determine the possible agriculture production increases as 
a function of the water system investments. The next important 
step is tc check whether the other production factors (in particular 
labor and capital) will be correlated with increased water supply. 
Since we are interested in a rather long time horizon it is not 
possible to avoid the question of the so called forward markets in 
output products and production factors. As far as the agricultural 
labor is concerned it is necessary to observe that 71% of land in 
the Notec region belongs to private small farms (2-15 ha) which 
are characterized by low labor efficiency. Due to the considerable 
rural-urban migration rate and aging of farm owners the government 
has started a retirement program for farmers under the condition 
that they agree to give up the landt As--a -re_sy-l& -of this program 
the etate farms, or younger and productive farmers can increase 
the farm acreages by buying the land surplusaes. The increase 
ot farm sizes which follows results in an economy of scale effect 
and a change of farming technology ensues. The process of techno- 
logical and structural changes has a considerable effect on the 
agriculture efficiency in general and on water efficiency use as 
well. In order to find out how mcch the agriculture in the Notec 
region will benefit from structural and technological change, a 
model of an agricultural economy of scale should be constructed. 
In order to estimate the region's comparative advantages with 
respect to the rest of the country, the so called marginal produc- 
tion costs should also be compared for specific farm sizes. The 
problem of the optimum size of an average farm should also be 
investigated. This is especially important for large agro-indus- 
trial complexes which are being organized within the state farms 
sector. 
The question of agriculture labor efficiency cannot be 
investigated properly without modelling the employment sector, 
which in turn requires that the demographic and migration sub- 
models are also being constructed. Since migration depends 
on the employment and standard of living at different regions 
it is necessary to constyuct a model in which the personal and 
aggregate (social) consumption impact on the migration rate is 
taken into account. 
In other words, it is necessary to construct a model in 
which the strategy in allocation of capital, labor, water, etc., 
is correlated with the socio-economic policy regarding private 
and aggregate consumption, migration and demography in such a 
way that the given regional utility attains a maximum value. 
Tt is obvious that the successful solution of the Notec 
projec: requires an integrated, complex approach in which the 
specialists in water engineering, agriculture, regional sciences, 
and systems analysis cooperate, in order to construct a system 
of cooperating submodels. The most di£fJcult part -of the project 
is connected with the  modebbing of socio-economic subsystems. 
The model requires that a number of variables be exogenous. 
In particular it is essential to know the annual amount of invest- 
ment for agriculture and water system development. For this 
puipose the country-wide model MRI, constructed at the Institute 
of Systems Research, can be used,, 
A possible s t ruc ture  of the regional  model which car1 be 
used f o r  the Note6 Project  development i s  given i n  the f i g u r e r .  
The economic part of this model consists of two sectors: 
agriculture, and the rest of the economy. The outputs (XI, X2) 
of these sectors create the gross regional product (GRP) 
which is allocated by the regional decision center (cooperating 
with the national decision center) on investments (I,, 12, Iw) 
in sectors and water development system. Part af the GKP is 
spent on consumption (Yv) in such a way that utilities (111, U2) 
of urban and rural residents are maximized. The rural-urban 
migration and settlements resulting from the u1/u2 level together 
with natural demographic growth determine the employment (Ll , L2). 
The structural and technological changes ( C )  affect the economical 
and employment subsystems. The environment quality affects the 
consumers' utility and migration and settlement patterns. The 
natural resources model is linked with environmental quality. 
Several subsystems of the  model of the f igure  have already been 
developed but t he  general l inkage and model adaptat ion f o r  the  
Noted region csse study s t i l l  remain t o  be done. 
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7.  D ~ s c ~ i p t i o n  of  t he  zeg ion  
Xost o f  t h o  drainago-basin  of ,he L ~ D D E , ~  iJoteb 3ive,n 
c o - ~ o r s  .tho L , .a  o f  two g e o g r a p h i c a l  r eg ions :  t h e  G l a c i a l  
Vzl ioy  02 ti:- Xo3c6 Bivsr  and t h o  Gniezno Lake D i s t r i c t ,  
2v:o h l s . i -o r ica l -e tba ic  reg ioBs  /Ku jawy and Pakbulh:i/ have 
devaloped i n  t h i s  a r e a ,  The d i f 2 e r e n c e s  between i h e s e  29 -  
g i o a s  have g r a d u a l l y  van ished ,  a d  it i s  now p r e s e r v e d  cn- 
ly i n  Bollcloze, n u s e m s  a d  skansens ,  Yiithin t h e  bounda r i e s  
d e t o r n i n e d  f o r  t h e  planning ~ u r ? o s e s ,  t h e  Upper Note6 3 e g i a n  
C C V C r S  XI 2 r C a  o f  6,195 square  k i l o m e t r e s ,  It constitutes 
1 c pnz t  o f  t k e  n idd le -wes te rn  ~ ~ a c r o r e g i o n  , 
!:itt;hin %he Upper ifote6 Region t h e r e  a r e  r i c h  Cieposits 
o f  r o c k - s a l t  / a t  Inowsockaw, G h a ,  Idogilno/ a s  vtel l  a s  lime- 
s t o n e  and J u r a s s i c  mar l  / a t  B a r c i n ,  P i e c h c i n ,  Bielal:~y/. Both 
n i n a r a l s  a r e  e x t z a c t e d  he re  i n  l a r g e  q u a n t i t i e s .  S a l i n e  wa- 
t e r s  a r e  used  f o r  t h e r a p e u t i c  pu rposes ,  Brown c o a l  d e p o s i t s ,  
which k a v ~  n o t  been e q l o i t e d  y e t ,  occur  i p  some p l a c e s ,  
Tke h'ote6 Xiver  i s  t h e  hgdr -og l~aphica l  a x i s  o f  t h e  xeg icn ,  
- .  LL- i s  eom6c;ted t o  t h e  V l s t i i l a  t h rough  t h a  3ydgoszcz C a a l ,  1 
- Thz  ~ y d z o s z c z  Cana l ,  t h e  :Tots6 and t h e  Lower V i s t u l a  f o r a  l 
a !va'L'cz~:.way r ~ m i n g  i n  a n  east-was5 d i r  ec ' t ion a ~ d  c o n n e c t i c g  
t ~ ~ . .  , t; Vjc- , t 2 a  t o  t h e  Gdra J i v e r .  The s e c o r d  waterway r7ms i n  
. - .  t k e  L:EZ~(LLS,Y? 2 i r e c - t i o n  f ~ o m  t h e  I;'azta ' c h o u g ; ~  Goplo L a ~ e  
a ~ b  L - m c r  .. >Tote6 towards t h e  Bydgoszcz Canal .  T h e r e  a r e  
1 -  j , z ,  ~3y1e ~ € S < S  
,zch c 2 z r i e S  o u t  by ozciez of t ho  
tho Gopko and PakoLk . Flor!s of ~vators ar o ' nohvonlg distri- 
buted in timo. They are the highest in the psziod of the lo-. 
west demand for water. Thus, a lot of water flows uselessly. 
A better utilization of water requires that it be stored in 
retention r~sorvoirs. Dammend lzkes mag perfoz~ the fwction 
of such reservoirs. 
A small amount of precipitation is the characteristic 
featurs of the region. The average annual total preci2ita- 
tion aaounts ta 450-550 mm. Rowever, it often drops below 
450 mm. Such quantities are not sufficient lor agriculture. 
They ca,mot provide for the needs of nany cultivsted p l a t s ,  
especially sugar-beets and green forage. in addicion to this 
there are fluctuations in precipitation ir particulzr geers. 
On the avsfage, there is a serious insufficieniy of preci- 
pitation every second year. Under these conditions there 
alpeared some changes in the flora. They testify to the pro- 
cess of acquiring ths 'characteristics of , a  steppe. This pro- 
cess is most clearly seen in Kujavry, the most fertile part 
of the region. 
Beczusa of the strong differentiation of the sother - 
zock and sculpture of the earth's surface, and especially 
becshe of water conditions, a mosaic structure of soil covar 
has baen formed within the region. The suitzbility of soil 
- 7  for agriculture is also strongly differentiate6. hovszve?, 
average and good soils prevail. Soils of clasES1;l a a i  IV 
corstitute 68,17i of arable lands. IE IC~jav!y, in the vici~i.by 
02 Ir,oY!;loclavr 226 3iidziejov1, there a26 Slcck soils h-7~~r.i.?f? u ~ ,  L A O  
to the nighest classes. Soils of classes I azd I1 corstitute 
5,55 o f  a r a b l e  l a d  i n  t h e  r eg ion .  
In t h o  s t r u c t u e  o f  l a n d  used f o r  farmir-g purposes  a r i ib le  
l a n d s ,  which cover  86,7,"6 o f  i t s  a r e a ,  ~ z e v a i l .  F e r n w e n t  
g x a s s l a n d s  and o r c h a r d s  cover  'll,9?: and 1 ,4% r e s p e c t i v e l y .  
,T i n e  - l a x g e s t  p a r t  ~f permzrent  g r s s s l a n d s  i s  l o c a t e d  in t h e  
no r t i i o rn  and w e s t e r n  p a r t  o f  t h e  r e g i o n ,  
Ln 1975 t h e  nwiber  of  people  i n h a b i t i n g  t h e  Upper iJote6 
2eg ion  anouted  t o  487 thousand,  38% l i v i n g  i n  ko~vns ene 
62% i n  r u a l  d i s t r i c t s .  T o p u l a t i o n  d e n s i t y  equa led  77 per-  
s o n s  p e r  s q u a r e  k i l o m e t e r .  Ha l f  of  t h e  p o p u l a t i o n  Is pro fe s -  
s i o n a l l y  ac%ivc .  Tho  p o f e s s i c c a l l y  - a c t i v e  p z o p o r t i ~ n  62 
t h e  Eopulat iolz i s  h i g h e r  i n  n u r a l  d i s - t r i c t - s  t h a n  ia t ov~ns  
and enount;s t o  51% and 47%, r e s 2 e c t i v e l y .  T h i s  d i f f e r e n c e  
r e s u l t s  f r o n  t.he h i g h e r  l e v e l  of p r o f e s s i o n a l  a c t i v i t y  within 
f a r m e r s  ' f a m i l i e s ,  l e v e l  r u r a l  p o p u l a t i o n  
ekceeds  t h e  demand f o r  manpoiver. determined on t h e  b a s i s  o f  
norms i n  t h e  r u r a l  e n v i r o m e n t . , T h e  exces s  q u a n t i t y  l i e s  i n  I 
i n d i v i d u a l  f a r n s .  It i s  g r a d u a l l y  r e d u c ~ d  because  o f  migra- 
t i o n  om" t h e  p o p u l a t i o n  f r o n  v i i ' l agea  t o  t o m s  -or by t a k i n g  
up d i f f e r e r t  jobs  o u t s i d e  t h e  r u r a l  e n v i r o m e n t .  
Inov~rocZam /60 thousad of  i n h a b i t a n t s  i n  'l975/ i s  t h e  
n z i n  c i t y  of t h e  r eg ion .  Other  toirrns l i k e  J an ikoao ,  li-nuszV!i- 
c a ,  CnieV~kowo and PakosQ davs lo sed  in  i t s  neighbourhood,  T h i s  
s u b r s ~ i o n ,  where u r b a s i z z t i o n  pkoces se s  a r e  r e l a t i v e i y  ti-,. 
~ o s t  advziizcd, i s  a t  tha s2me t i a e  t h e  a r e a  o f  t h e  h i g h e s t  
l s n d  p r c d u c t i v f t y ,  The ra fo re ,  it i s  t h e  l o z i c a l  a r e a  f o r  t h e  
d;vcls2~.~-1S of i n * b : ~ s i v z  ~ ~ ~ i c u l z u r ~ l  p r o d u c t i o ~ .  L p s r t  fro: 
Zcr tlle s0iL.s m d  w e l l - d s v a l o p d  s g z i c u l t u r e ,  r i c ?  d o 2 o s i t s  
of zcck-LL~; hsve c o 2 t r i ' ~ x t e d  t o  t h e  d z v e l o ~ ~ e n t  o f  t ov~ns  ix  
The c h a z a c t e r i s t i c  f ~ a t u r e  02 t h e  U-per  Xoto6 3eg io r  i s  
t h e  f a c t  t h a t  i t  i s  w i t h i n  the  zones of i n f l u o n c s  of lazgez  
c i t i e s  l o c a t e d  j u s t  o u t s i d e  i t s  boundar ies ,  e.g. Eydgoszcz, 
T o r h ,  Wkockawok, Konin, Gniezno. Urbaniza t ion  p r o c e s s e s  La- 
sed  on f o r c e s  o u t s i d e  t h e  r eg ion  developed i n  t h e  h i ~ t ~ ~ l & C i < :  
sf thoso c i t i e s .  They a r o  th'e sxeongest- w i t h i n  zone ol" in- 
f luence  of  t h e  ~ ~ d ~ o s z c z - ~ o r u r h  agglomeration /Baklo, Solec  
Kujawski/, 
D i s t r i c t s  q o c ~ t e d  i n  t h e  sou the rn  p s r t  of  t n s  r eg lox  zrz  
tho  Leas t a  urbanized. Hare t h e  l e v e l s  of i n d u s t r i a l i z a t i o n  
and c u l t i v a t i o n  of  t h e  s o i l  a r e  r e l a t i v e l y  low. Popu la t ion  
dansi ' tg  and t h e  propozt ion  of non-agr icu l tu ra l  popula t ion  
a r e  b o t h  low. The s p l i t t i n g  up of farm ~ , r i t s  t a c a s  t o  b a  
high. 
Aeong t h e  consequences of urbm-iza t ion  f o r  a g r i c u l t u r e  
/ t h e  main branch o f  %he r e g i o n a l  economy/, two d e s e ~ v s  spe- 
c i a l  a t t e n t i o n :  t h e  growth of  t h e  "double-prof ession" g=oupt 
of t h e  popu la t ion  /peasant-workers/ and t h s  ageing of r u r a l  
popula t ion .  Both phen~rnena a r e  e s p e c i a l l y  s t r o n g  !vith.in the  
zone of i n f l u e n c e  of Big and nediun s i z e  c i t i e s .  The sha re  
o f  ttdouble-profsssion'2 people i n  tha  Cota l  p r o f e s s i c n a l l y -  
a c t i v e  a g r i c u l t u r a l  popu la t ion  arno6ts t o  25%. in  t h e  a o s t  
i n t e n s i v o  zones of u r b a n i z a t i o n  i t  even reaches  ,505;. In 
~ 0 ~ ~ l r o c ~ a v ~ ' s  zonG of  i n f l u e n c e  'tine s h a r e  of  t h e  gopulatLon 
over  60 y e a r s  o f  age amounts t o .  18025% of  t h e  t o t s 1  r v r a l  
. popu la t ion ,  and i n  Bydgoszcz s - zone of in f iucnce  it reachas 
Tha z u a l  s e t t l e a s n t  is c h a r a c t e r i z e d  by a h i ~ h  C 6 ~ z e a  of 
U , L C ~ S  d i s p ~ r s i o n  o r  s c a . L t c r i ~ ; ,  F h r e  a r e  868 v i l l a s 6  dlsCn2 
iu .#-L L L L G  - ~ e ~ i o n .  The avorage number o f  c i t i z e r s  i ~ h a b i t i a g  
2 d i s t z i c t  i s  347. hls los t  one t;Lird o f  t h e  t o t a l  u b e r  of 
such m e s s  hcs  l e s s  t h a n  2C0 c i t i z e n s .  Large2 a r e a s ,  h a v d g  
a tkouszxL an moyo i n h a b i t z n t s ,  c o n s t i t u t e  on ly  2;;. The s t a t e  
o f  dnci.li:---J--.l,auscs azld farm b u i l d i n g s  does  n o t  g e n e r a l l y  
I 
2 u l f  ill c o d e r n  s t m d s r d s  o f  l i v i ~ g  and requ i r . as ;n t s  o f  
i n t a c s i v o  a g z i c u l t u r s l  p roduc t ion .  
About 25,': o f  f a m l a n d s  b s l o n g  t o  t h e  ~ - ? : e ~ c i a l i z e d  sac- 
i 
~ 0 2 .  719; belong; t o  i nd iv i c iua l  I"a,nczs. The r e s t  02 t h e  grounds 
S r l o n ~ s  ' t o  t h e  S t a t e  Land Tuns. The average  s i z e  o f  i n d i v i -  
d u a l  farms i s  6 , 5  ha. Z u a l  economy i s  most i n t e n s i v e l y  de- 
ve lopad  i x  t h e  middle and i n  t h e  n o r t h - v ~ e s t e r n  p s r t  of  t h e  
r e g i o n .  The occuzzexce and i n t e r a c t i o c  o f  t h r e e  T ~ c t o r s :  good 
s o i l s ,  a d v a ~ c e d  ne thods  o f  c u l t i v a t i o n  and t h e  deve lopaen t  
of a g r i c u l t u r a l - p r o c e s s i n g  i n d u s t r y  have been  t h e  b a s i s  f o r  
t h e  r e g i o n a s  r ievslopnent.  It i s  one of  t h e  most p o d u c t i v e  
a g r i c u l t u e l  a r e a s  i n  P o l ~ n d .  Highly  v a l u e d  c r o p s  /wheat ,  
sugaz-Seets ,  zape  a ~ d  fodde r  c rops /  age g ~ o ~ n  h e r e i n  l a r g e  
q i x m t l t i e s .  Y i e l d s  p a r  h e c t a r e  and t h e  numbel 02 f a r n  a a i n a l s  
9e2 hezceze srs Sigh. 
r ~ k ; ~  z r 7 . ~ ~ ~ ~ l t u r a i - ~ = o ~ e s s i n g  i n d u t r y  i s  r e p r  e s e n t s a  by . 
0 
z42 31s;;-Ls l o c a t e d  q u i t e  even ly  t3 roughout  t h e  r a g i o n .  Sugar 
>, c 2 - 2  A e ~ - L A ~ n g 2  g z a i n - n i l l i n g ,  neat i -s rocess ing,  d a i r y i n g ,  f a t  pro- 
- .  
Lb -r*s a t 7  5 ? ' 0""-  ..,-A a s  f r u i ~  acd vege t ab l e -p roces s ing  i n d u s t r g  
Leva '-;I ,-,, - ;:e~.:~st ----  s k a r c s  i n  t h e  t o t s 1  ou tpu t .  ?~,~nen cornpazed 
. L 
- -  "7"; 
8 .  
... 
- U 9 .dAAA1? -GZ, zect-2-9 c e s  s i n g  i ndus  trg s h o ~ s  
a deficiency, The capaciLy of g r a i n  s t o r a g e  i s  a l s o  issufl- 
f i c i e n t  in compar i s ion  w i t h  t h e  l e v e l  o f  purchased  g r a i n .  
a d d i t i o n  t o  t h e  a g r i c u l t u r a l - p r o c e s s i ~ g  i n d u s t r y ,  t h e  chexi-  
c a l  i n d u s t r y  and t h e  b u i l d i n g - m a t e r i a l s  i n d u s t r y  have 
developad on  t h e  b a s i s  o f  l o c a l  c i n a r z l s .  
Nithin t h e  a r e a s  e s p e c i a l l y  s u i t a b l e  f o r  a g r i c u l t u r e ,  this 
b r a n c h  of qconomy i s  p r e f e r r e d  in  t h e  d i v i s i o n  o f  s cazce re -  
s o u r c e s ,  a c o n n e c t i o n  w i t h  th i s  t h e  deve lopsen t  o f  conr ' l ic-  
t j n g  a c t i v i t i e s ,  e s p e c i a l l y  a n  i n d u s t r y  r e q u i r i n g  a  l o t  o f  
s p a c c ,  l a r g e  q u a n t i t i e s  o f  wate r  and releasing harmful  sovlrro- 
r a g e ,  i s  l i m i t e d .  
Betworksof supply  and s a l e s  a s  w e l l  ss of t e c h n i c a l  
s e r v i c e  form t h e  s e c t o r  which s e r v e s  a g r i c u l t u r e .  Loca l  p l a n t s  
p u r c h a s i a g  fa rm produce ,  p l a n t s  s o l l i n g  m a c h i ~ e s ,  t o o l s  a=ld 
p r o d u c t i o n  m a t e r i a l s ,  a s  v ~ e l l  a s  s e r v i c e  workshops a r e  t h e  
component e l emen t s  o f  t h e s e  ne tworks .  The l o c a t i o n a l  o b i e c t i v e  
4, 
o f  t h e s e  e l emen t s  i s  t o  g e t  n e a r e r  t o  t h e  market  /deffiand/, 
i . e .  i n d i v i d u a l  fa rms .  The o r g a n i z a t i o n  of s e r v i c e s  f o r  s t a t e -  
f a r n s  d i f f e r e n t .  They have d i r e c t  c o n t a c t s  
a g r i c u l t u r a l - p o c e s s i n g  i n d u s t r y  a s  w e l l  a s  with t h e  wkole- 
s s l e  and a g r i c u l t u r e  with n a c h i n e s  
ad p r o d u c t i o n  m a t e r i a l s .  The l e v e l  o f  deve lopnent  o f  t b ~  
s e r v i c e s  s e c t o r  i s  c o r r e l a t e d  with  t h e  i n t o c s l t y  a d  sc i i l e  
o f  a g r i c u l t u a l  p roduc t ion .  
Tho s k e l e t o n  t h e  t r a n s p o r t a t i o n  c e t w o ~ ~ k  r a i l w a y s  
.or' nztion-tvido i a p o r t a n c e  / t o  Uppar S i l s s i a ,  3 a l k i c  p o r t s  
and 2oznaf.-Torui/ a s  \*;ell a s  r o e d s  2or v e i : i c l ~ ~ /  3 y ~ z o s z c e -  
- - SzuS ln -G~ie  zno , 3 y  <go s zc z-Inoo:rocLav~-iIoin,in, ~LLG ~~~0~ .L:-- ~ C , ~ ; J Z G -  
ciaiv-Gcie z ~ o / ,  Inotvroclaw i s  t h e   sin t~ m s 2 o - t ~ t i o r ,  j.cl;icJ<ion. 
An importznt  r a i lway  thoroughfare and t h e  Warsavi - Poznah 
a r t e r i a l  road  b o t h  sou the rn  s i d e  of t h e  region .  
This  b z s i c  a r r a n g e ~ e n t  i s  supplemented bg reg lo r21  ra i lways ,  
narrov:-gauge railvrays,  r e g i o n a l  and l o c a l  doads f o r  v e h i c l e s  
a s  w a i l  a s  vratsrways. d e n s i t g  of roads v e h i c l e s  i s  
higher  than  the n a t i o n a l  average. However, ,the s u f a c e  of  
nany l o c a l  roads  is n o t  of an al l -weather  s t andard ,  and t h i s  
t r a n s p o r t  opeza t ioas  d i f f i c u l t  e s p e c i a l l y  in  the  p e r i o d  
of a u t m  t r a n s p o r t a t i o n  of  farm produce . 
The s p a t i a l  concurrence of many socio-economic f e a t u r e s  
i n  p a r t i c u l a r  p a r t s  of the  r e g i o n  makes it p o s s i b l e  t o  d i f f e -  
r e n t i a t e  s e v e r a l  "sgnthet ic"subregions.  These are :  7 /  Xujavq 
a g r i c u l t u r a l  d i s t r i c t ,  a g r i c u l t u r a l  d i s t r i c t ,  
3/ cvestern-KU jawy i n d u s t r i a l  d i s t r i c t ,  4/ t he  zone of inf luen-  
1 
ce of t h e  Sydgoszcz-Torui agglonera t ion ,  5/ t o u r i s t  a r e a s  
t 
around t h e  l a k e s .  
t h e  t e r r i t o r y  of the  r e g i o n  was crossed  by t h e  
bordez betwee2 t h e  Gernan and the  Russian a r e a s  of p a r t i t i o -  
nad P o l a d .  This  border  has  l e f t  permanent t r 'aces  i n  t h e  eco- 
n o ~ i c  landscape.  The a r e a s  on bo th  s i d e s  d i f f e r  with r e s p e c t  
50, t h e  s i z a  of fa-nns, t h e  stst6 of  dtvelling-houses and f a r 2  
b u i l d i z s s ,  t h e  s t a t e  of  r a i l s a g s  and roa6s  f o r  v e h i c l e s ,  t h e  
l e v e l  of zgricul t i l ral-processing i n d u s t r y ,  e t c .  
-4s rsg~rcls ad-i ~ , n ~ s t r a t i o n ,  . t h e  a r e a  of  the  U2per Note6 
?.egio;a b e l o n ~ s  t o  t h r e e  voivodeships:  Bgdgoszcz, liilocZal:!ek 
and I<osil i .  Such ad.ainis-lrative d i v i s i o n  r e q u i r e s  t h e  supra- 
. . 
~ G ~ ~ o ; ~ ~ ~  , - ~ c - ~ ~ n - -  ,,,on 09 a c v i v i t i e s  v:i-Zhia t h e  t e r z i t o r y  of 
t h e  ~:,IGz, stazt '?~ f r o 2  plarxting a c t i v i t i e s  arid e r d i n g  
. . .  v,,liGA-A .L--,? "--, ,d-C1,ezec~ ,-  - .-. 0;: a rLz!:ilg-creatcd o b j e c t s  . 
'l-ic p:; i t - ion o2  tko Cpper No-6oC. Z e g i o ~  iz t l o  CO'Z"~ -  U L J  13 ' 
hig~i1i ;htcd by i t s  socia-e~ci iomic z h a ~ a c : e r i s t i c s ,  r c l a t i v a  
t o  zhosc charec ter i s ' ; l cs  w i t h i n  t h e  n a t i e n  a s  a vihole, *?:'ha 
n a t i o n a l  erc  i t s  
t a t s  cons t i t a J c e  1,4250 02 the  n a t i o n a l  popuie t ion .  Ggzic'ili- 
L 
U U ~ ,  t h e  a g r i c u l t c a l - p z o c e s s i n g  i n d u s t r y  &d tha n e t ~ j o z k  
roads  b a t t e r  
Y O S ~  of  t h e  countzy, Other  branches of  i n d u s t r y  a d  urbaaiza- 
t i o u  p ~ o c u s s z s  a r e  l a s s  developed, 
Apart  from t h o  migrc t ion  o? p o p l a t i o n ,  the co,ulcetions 
o f  t i ~ c  r e g i o n  with t'as r e s t  of  tho count ry  n a l l e s t  then- 
s a l v s s ,  araorg o t h e r  vays i n  ehe i n p o r t  of sugar - j ee t s ,  o i l  - 
p l a r t  seobs ,  t o o l s  and a a t e r i a l s  f o r  a g r i c u l t u r a l  product ion ,  
b u i l d i n g  ;;materials, a s  w e l l  a s  i n  t h e  expor t  o f  ' s l g a r ,  T a t s ,  
g r a i n  a d  g r a i n  p roduc t s ,  s l augh te red  a a i n a l s ,  and products  
o f  bo th  c h c n i c a l  and minera l  indus t ry .  
The oconomic g o a l  o f  t h e  development 09 the Upper R o t a 6  
a s g i o r  i s  t o  i n c r c a s e  a g r i c u l t u r a l ' p r o d u c t i o n .  The b a s i c  m a n s  
f o r  azniavi~g t h i s  g o a l  i s  the irzproved developiuont of tvztar? 
rcso-alileas which t : ! i l i  r a ~ ~ l r a  l azge  i n v e s t n a r l s  . The s o c i z i  
a i a  i s  t o  z c c e l e r z C ~  t h e  grovith i n  t h e  s t w d z z d  of l i v i q  
o f  the  r c z a l  populet ic ir  znd t o  Szi2g i t  c l o s o r  t o  that 02 513 
. . 
u:iba ? o ? u l a ~ ~ o c  vihich ~vill a l s o  be im2zovin;. ?he cezns 2or  
c c h i c - j i ~ ,  ~ 0 2 1  l i e s  12 bo th  th3 d o v ~ ~ o ~ - e z ~  - znd ro&az;:i- 
zatio;? 02 2 ~ 1 3 1  ~ , c t t 1 ~ ; ; ; ~ r - $  t y A S  S Q T V ~ C C  s ~ ~ ' ; ~ ~ .  
Probloms of water  - r e source  economics and a p i c u l t u r e  
a r e  tho s u b j e c t  of  s p e c i a l  d e t a i l e d - s t u d i e s .  The aim of t h i s  
papor i s  t o  p reson t  t h e  impact of t h e  d e v e l o p m c ~ t  22 ;;&tar - 
r e s o u r c e s  and a ~ r i c u l t u r e  f o r  the  r e n a b b g  branches of  socio- 
ocouornic l i f a .  Ln my opin ion  a  u s e f u l  way of  achieving  t h i s  
aim i s  t o  p r e s e n t  those  impacts a s  a p a r t  of  t h e  g e n e r a l  deve- 
lopment of t h e  r e g i o n  and i t s  s p a t i a l  o rgan iza t ion .  
I n  r e g i o n a l  planning,  t h e r e  e x i s t s  t h e  t r a d i t i o n  of t h e  
b i f i o d  approach t o  problems of r e source  e x p l o i t a t i o n .  This 
i s  a l s o  t r u e  f o r  the  a n a l y s i s  o f  product ion,  s o c i a l ,  environ- 
n e n t a l  and s p a t i a l  problems. t h a t  s o l u t i o n s  t o .  water 
and a g r i c u l t u r a l  problems a r e  p o s s i b l e ,  l e t  us t r y  t o  iden- 
t i f y  t h e  problems concerning t h e  r e s t  of  t h e  r e g i o n a l  system. 
'1. In.$onsif i c a t i o n  of a g r i c u l t u r a l  product ion  w i l l  requi-  
. r e  t h e  r e t e n t i o n  o f  an adequate amount of labour  i n  t h e  v i l l a -  
ges of the  region .  V!hat l e v e l  f o r  the  labour  f o r c e  w i l l  be 
adequate? A t e n t a t i v e  answer may be obta ined  with t h e  h e l p  
o f  employment s t a n d a r d s  per  .'I00 h e c t a r e s  of azable  land.  Thesa 
I 
s t a n d a r d s  n u s t  be d i f f e r e n t i a t e d  according t c  labdur  consum- 
p t i o n  in  a g r i c u l t u r a l  p r o d u c t i o ~ :  a s  w e l l  a s  l o c a l  cond i t ions .  
The answer nay be c o r r e c t e d  by t r e a t i n g  t h e  " indispensable"  
enploynent i n  a g r i c u l t u r e  a s  a  func t ion  of nany v a r i a b l e s  
c h a r a c t e r i s t i c  of  an i n t e n s i v e  r u r a l  economy. 
2. Tho procass  of r e g i o n a l  devslopoent w i l l  b r i n g  about 
changes i n  t h e  s t r u c t u r e  of erriployrnent. The share  of 
employed i n  the s e c t o r  s e r v i n g  a g r i c u l t u r a l  producbion and 
27u.221 po2ula t ion  w i l l  be cons iderably  increased .  The grovlth 
02 ocp loyze i~ t  ix - L l a  a z r i c u l t u ~ a l - ~ r o c e s s i n g  i n d u s t r y  w i l l  
pzobsbly Sc  ~ o d e r z t e ,  a d  s z a l l e r  than t he  i c c r s a s e  i n  %ha 
supply of agricultural raw materials. This v~ill bc~ possiblo, 
thanks to.the modernization of agricultural-processing plants 
existing in the region as well as to the processing'of regio- 
nal agricultural raw materials in plants located in the 
neighbourhood. Only then it will be possible to deter~ine 
how large are the changes in employment st~ucture. According 
' 
to exports, in the optimal structure of employment in rural 
onvironrrient, each 1000 of workers employed in atjriculturcrl 
production should include 50 workers enployed in agricultural 
- processing industry/sector 11/ and 110 workers employed b 
the sector of serv'ices /sector III/. 
3. In future population migration will still occur in 
the rogion a d  will be of a rural - to - urban nature. Hoxever, 
the intensification of agricultural production will require 
1 
new, qualified personnel, The dcquiring qualified people 
will be acconplished thsough the education of local vfozkers 
as well as by the of employees from outside. Demographic 
forecasts, the programme of socio-econonic developnent of 
ths region, as well as tha attractiveness of cities and other 
xegions will form the basis for evaluating ~igration levels. 
Simulation ~nodels of migration, and modsls of nigration con- 
trol may prove useful in the evaluation process. 
4. Intensification of agri~ultural production and acce- 
leration of the developnent of*the standard of livifig of the 
rural population will require modernization and dovelo?ment 
of the rural settlenent network. The scale of develo?:.ient 
must be additionally increased in order to componsate for 
the loss of decapitalized dwelling-houses and farm buildings 
and to substitute for buildings whose standards do not suit 
modern agriculture and needs of the population. The following 
factors will shape the size, number, and arrangement of ru- 
ral settlements: a/ socio-economic changes v!ithin the coun- 
try which manifest themselves in the struczure of land posses- 
sion; b/ organizatioc of agricultural production in both the 
individual and socialized sectors; c/ non-agricultural fun- 
ctions performed in the rural environment; d/ the already 
existing sizo,'nunber and spatial distribution of rural settle- 
ments; e/ adninistrative division /areas subject to village 
administrators, commmo territories, towns/ and its relation 
to economic divisions /localization and spatial range of servi- 
ce tvorkshops, building enterprises, supply and sales locations, 
agricultural-processing plants/; f/ accepted assumptions ir, 
comparision with the scale, composition and spatial range of 
of b 
service centresidifferent orders. 
At present the year I990 is regarded as the time horizon 
for realization of the perspective plan of socio-sconomic 
developnent of the region. The assmed developnent mill ma- 
nif est itself in the Tollcwing changes: 
4a. The share of the private sector in the structure of 
land possession v~ill be gradually decreased; however, it will 
not Orop belox 50:; of the cultivated land. This v~ill result 
ic'the ir~crease of the share of socialized sector which, at 
the s s n e  time, nil1 gain nore economic pol:~sr. The average 
azea of private or individual farms vill increase because 
rosilient f a r s s  will tsks up the land handed over by old 
farxe~s cithout successo2s. intuitive hypot5oses concerning 
t h e  r z t a  o30ciiliiing t h e  rnral ecoaony, as  ;.~6ll as re- 
sults of icdivldzcl f a ~ ~ s '  increased aTeas, cen only be  zccep- 
t2d v j L $ h  2 rztLez  lo^! degzee of confidsnce. ,This could be 
i n c r e a s e d  i f  p r e d i c t i o n s  were made w i t h  t he  h e l p  of diTfc- 
r e n t  types  of  p r e d i c t i o n  models, i n c l u d i n g  s imula t ion  models. 
4b. The i n d i v i d u a l  farm w i l l  be t h e  b a s i c  form of orga- 
n i z a t i o n  of p roduc t ion  i n  t h e  non-social ized s e c t o r .  The t e a n  
of  f a r m s r s  w i l l  be an a d d i t i o n a l  form. Higher f o r n s  of co l l ec -  
t i v e  economy - co-operative farms - w i l l  also.  be chveloped. 
The b a s i c  form of  o r g a n i z a t i o n  product ion  i n  the  s t a t e  - 
ownod s e c t o r  w i l l  be a combine. Apart  from c rop  and an ina l  
product ion  such  a  combine w i l l  i nc lude  t e c h n i c a l  s e r v i c e  
workshops, b u i l d i n g  p l a n t s ,  fodder  producing p l a n t s  and agr i -  
. t u r a l  p rocess ing  p l a n t s .  These 
g a g r i c a l t u r a l  product ion  w i l l  
' >  
a 1  s e t t l e m e n t .  The f u t u r e  deve 
D 6 
1 be an inproved c o n t i n u a t i o n  
d i f f e r e n t  
de t e rmwe 
llopment of 
of t h e  f o l  
forms o f  organi- 
the  f o r m  of 
r u r a l  s e t t l e o e x t  
.owing two forms: 
L 
?/ v i l l a g e s  where i n d i v i d u a l  farms p r e v a i l ,  2/ s e t t l e m t s  
with la rge-sca le  a g r i c u l t u r e  t o  now, mainly 
s t a t e  farms/. Determinat ion of the  o p t i n a l  s p a t i a l  organiza- 
t i o n  of  b o t h  problem which must 
be solved.  As a r u l e ,  t h e o r e t i d a l  models of such o r g a r l z a t i o n  
do n o t  take i n t o  c o n s i d e r a t i o n  t h e  v a r i e t y  o f s  l o c a l  cond i t ions  
1, 
/morphological,  hydrographica l ,  - { s o i l ,  o t c  ./. Therefore ,  It i s  
necessa ry  t o  e l a b o r a t e  a  f l e x i b l e  method which would allow 
us t o  deduce t h e  op t ima l  s p a t i a l  o r g a n i z a t i o n  of s e t t l e n e n t s  
under d i f f e r e n t  l o c a l  cond i t ions .  
4c.  Apart  from a g r i c u l t u r a l  product ion  and the  p rocess ing  
of  farrc produce which i s  connected w i t h  i t ,  t h e  r e g i o n  f u l -  
f i l l s  a s e r i e s  of o t h e r  func t ions .  Two of then  v ; i l l  e x e r t , a n  
e s p e c i a l l y  s t r o n g  i n f l u e n c e  oo:the.forrns of  r u r a l  s e t t l e m e n t .  
Thcse are: an industrial function and tourist-recreation 
function. The proximity of industry influences the differen- 
tiation of agricultural production, ,splitting up f c x  ' z I > z  
and forming the double-profession group of the pop~lation 
/peasant - workers/. Apart from their basic function, rural 
settlements must fulfill one more function for the 
employed in industry, namely, theg must provide certain 
residential functions. The double function also fulfilled 
by rural settlements located in the area with tourist-recrea- 
tion values. Thus there arises the problan of deterninig the 
range of additional functions .of rural settlements. The solu- 
tion should determine these function in such a way that theg 
not ths development production. 
It must also include the question of thair spatial organiza- 
tion. 
4d. The scattering of rural settlements, as well as the 
existence of substandard and decapitalized buildings result in 
the fact that not all settlements have favourable prospects 
for development. A lot of small. villages whare the stacdard 
of buildings is low do not justify expensive investnents for 
infrastructural and productive purposes. Therefore, it is 
necessary to select villages with good conditioas for deve- 
lopment and to concentrate future investments there. Works on 
rural planning refer to them as basic villages. Tha selection 
should be made with regard to the future model of-the rural 
settlesent netsork which will be accepted as the optimal DO- 
del. 
4e. The adsinistrative status of settlements deternines 
their remeiring Tunctions to a large extent. Kithin agricul- 
t u r a l  t e r r i t o r i e s  t h e  b a s i c  r o l o  w i l l  5e  played by s e t t l c z ~ ~ 2 s  
which a r e  t h e  s e a t s  of cosxw-a a u t h o r i t i s s .  A? o ~ i c i o n . h s s  
been formed t h a t  cornauna c e n t r e s  should have,  a p r t   fro^ 
fundamental s e r v i c e s ,  a  wide rznge of su?ra-fwdanental  s c ~ -  
v i c e s  f o r  a g r i c u l t u r a l  product ion azld r w ~ a l  ~ o p u l a t i o n .  Con- 
mune c e n t r e s  should be r e l a t i v e l y  evenly pzovided with s 5 ~ v i -  
ces .  Agr icul tura l -process ing  planVks a r e  a l s o  l o c a t e d  i n  mazy 
commune c s n t r e s .  The valuo of  t h e  a l ready existing i n v e s t n e r t s  
and d u r a b i l i t y  of i n d i v i d u a l  farms a r e  t h e  r sasons  Y;PJ the 
second, l o v e r  l e v e l  o f  r u r z l  s e t t l e m e n t  v i i l l  be ropresenksd 
by wi l l ages .  This;  however, w i l l  i n c l u d s  oc ly  s e l e c t e d  v i l l s -  
b a s i c  v i l l a g e s ,  should equipped i n  t h o  
f u l l  range of fundamental- s e r v i c e s .  Theroforo the  f u t u r e  hie- 
r a r c h i c  s t r u c t u r e  o f  r u r a l  s e t t l e m e n t  w i t h i n  t h e  r e g i o n  w i l l  
be based on two maw l e v e l s :  commune c e n t r e s  and b a s i c  v i l l a -  
ges.  I n  t h e  course  of approaching t h i s  s t r u c t u r e  t h e r e  w i l l  
aLso e x i s t  t h e  l e v e l  of  d i sappear ing  v i l l a g e s .  
4 f .  The g e n e r a l  model of r u r a l  s e t t l e m e n t  should be t h c  
mems c o o r d i n a t i n g  s p e c i f i c  concept ions and a c t i v i t i e s  w i t h i n  
t h i s  range. This model should be de r ived  frcm acceptod and 
t e s t e d  assumptions concerning t h e  s c q l e ,  composition,  ind  
s p a t i a l  range of s e r v i c e  c e n t e r s  of  d i f f e r e n t  l o v e l s .  Apart 
from t h e  g e n e r a l  model one should a l s o  e l a b o r a t e  i t s  s o v o r a l  
v e r s i o n s  a d j u s t e d  t o  the types  of econony p r e v a i l i n g  i n  par- 
t i c u l a r  subregions.  Th i s  would b r i n g  model c o n s t r u c t i o c s  clo-  
ser t o  r e a l i t y .  ' 
4g. There is s t i l l  one more problem concerning s p a t i a l  
o r g a n i z a t i o n  .of r w a l  s e t t l e m e n t  c r e a t e d  by t h e  co-existeoce 
/in some v i l l a g e s /  of  t h r e e  s e c t o r s  of  g r i c u l t u r e /  i n d i v i d u a l  
fsrms, farming co-operat ives ,  and s t a t e  farms/ a s  w e l l  a s  
t h e  e v o l u t i o n  of the s t r u c t u r e  o f  l a n d  possess ion  o z i a n t a t e d  
towards the growth of s o c i a l i z e d  s e c t o r .  The problem c o n s i s t s  
f i n d i n g  o u t  such  s p a t i a l  o r g a n i z a t i o n  which w i l l  most 
f u l f i l l  t h e  requirements  t h r e e  d i f f  a r e n t  f orns  
of  a g r i c u l t u r a l  product ion  o rgan iza t ion .  ~ p a . t i a l ; . o r g a n i z a t i o n  
ed 
should a l s o  be adap t ive ,  . i . e .  it should be  e a s i l y  a d j u s v t o  
t h e  new o r g a n i z a t i o n  duc t ion  which w i l l  c r e a t e d  
t h e  course of i n c r e a s i n g  the  s o c i a l i z e d  s e c t o r .  When the pro- 
blem i s  formulated in t h i s  ~ a y ,  it comprises many s p e c i f i c  
problems concerning l o c a l i z a t i o n ,  a r c h i t e c t u r e ,  engineer ing ,  
econony and s o c i e t y .  In terms of mathematics, t h e s e  a r e  t h e  
problems dynamic o 2 t i m a l i z a t i o n  with a m u l t i c r i t e r i o n  ob- 
j e c t i v e  f u n c t i o n ,  
L 
5. The i n t e n s i f i c a t i o n  of a g r i c u l t u r a l  product ion  a s  w e l l  
a s  socio-economic changes of the  country w i l l  a l s o  e x e r c i s e  
an i n f l u e n c e  on ~ ~ a n s e t t l e m e n t s .  This  h f l u e n c e  w i l l  mani- 
f e s t  i t s e l f  migra t ion  of  the  popu la t ion  the  
devslopment of ag r i cu l tu ra l -p rocess ing  i n d u s t r y  a s  wel l  a s  
i n  tho devalopmont of  t h c s e c t o r  provi 'ding s e r v i c e s  f o r  agr i -  
c u l t u r e  and r u r a l  popula t ion  / s e r v i c e s  the 
I t s  f u r t h e r  impact w i l l  be the  devslopment of s c i e n t i f i c  re- 
s e a r c h  s t a t i o n s  working f o r  a g r i c u l t u r e  and a g r i c u l t u a l  - 
_ proc  e s s i n g  indus t ry .  Urban s e t t l e m  e n t  develop a l s o  
under the  i n f l u e n c e  of non-agr icu l tu ra l  and endogenious func- 
t i o n s  /chemical and minera l  i n d u s t r y ,  t r a d e ,  educat ion,  h e a l t h  
protection, etc . / .  -4 r s v e r s e d  i n f l u e n c e  of  towns on t h e i r  
h i c t e r l a n d s  w i l l  be shown in t h e  d i f f e r e n t i o n  of  a g r i c u l t u -  
r a l  pzoduction, i n  the  r enovs t ion  of "double-profession" 
groups of population /peasant - workers/, in spreading tho 
uban type of bui.lding - up and urban style of living. In 
literature these phenomena are known udez the name of 
spread effect and urbanization. 
6, The mail: transportation problen stressed by the deve- 
lopment of agsicultue is to improve the supface of local 
roads. More and more heavy agricultural machinery is driven 
along those roads and a constantly increasing quantity of 
farm produca is transported there, especially in the autum. 
Soaked ground roads create a lot of transportation difficul- 
ties. When selecting the routes for surface improvement, apart 
f,norn the requirements of agricultural production and sales 
of farm produce, one should take into consido~atian tho spa- 
tial distribution 
status and their 
rural 
hierarchic structure, 
their ad~~iinis trstive 
Between the elements or" 
a segional system, the development problems of which havo bae,n 
prosontod occur 
Somo of them are shov~n in Fig,8. 
7 .  Cbanges in land use will be the synthetic manifesta- 
tion of the socio-economic development of the ~egion, Basic 
changes will ba determined by the administrative dscisions. 
Among other things there vrill be ' intsoduced restrictions 
I 
in the localization of housing for the population not ralated 
to the country and agriculture, Their aim will be to protect 
agricultural potential of high productivity. However, a wide 
margin will be left for individual decisions which vrill ir- 
fluance the changes of land use, Prediction of these changes 
is an interesting problen to be investigated, Another problac 
may be formulated in the following way: Will the changes in 
l and  use ,  a f t e r  t h e i r  g e n e r a l i z a t i o n ,  provide a s u b s t a t i a l l y  
modified p i c t u r e  of the  d i v i s i o n  of the  r e g i o n  into subregions? 
8. 3 0 t h  water investments  a s  w e l l  a s  ? r ~ d u c t i o n  and s o c i a l  
g o a l s  a r e  o f  long-range c h a r a c t e r .  Therefore ,  an e s s e n t i a l  
problem i s  t h e  proper  d i s t r i b u t i o n  of  a c t i v i t i e s  it? t ime, In 
matemathical terms i t  i s  t h e  problem of  f i n d i n g  o u t  t h e  o p t i -  
m u m  t r a j e c t o r y  f o r  t h e  r e g i o n  and i t s  conponent p a r t s ,  It 
has  a l r e a d y  been e s t a b l i s h e d  t h a t  the  development of s e r v i c e s  
f o r  a g r i c u l t u r e  and r u r a l  popula t ion  should be concent ra ted  
i n  commune c e n t r e s  and b a s i c  v i l l a g e s ,  L o c a l i z a t i o n  of  new 
product ion  f a c i l i t i e s  should a l s o  be  s e l e c t i v e .  In t h e  remai- 
n i n g  v i l l a g e s  the  investment  a c t i v i t i e s  should be r e s t r i c t e d  
/as r ega rds  t h e i r  s c a l e /  and c a r r i e d  o u t  by means o f  cheaper 
methods, However, i t  w i l l  be necessa ry  t o  i n v e s t , i n  renova- 
t i o n  o r  p a r t i a l  supplemant of  the  a l r e a d y  e x i s t i n g  f i x e d  
a s s e t s  in order  t o  p reven t  r a p i d  decrease  of  a g r i c u l t u a l  
i n f r a s t r u c t u r e  and, ' i n  consequence, a g r i c u l t u r a l  product ion.  
Fig. 2. Drainage - bash o f  fhe Upper Noted Rlver 
againsf the background o f  Poland's terr i tory 
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The Upper Note6 Basin  i s  s i t u a t e d  i n  t h e  middle of  c e n t r a l  
P o l i s h  lowlands ,  forming t h e  eas te rnmost  p a r t  of  t he  lowland of 
G r e a t e r  Poland (Wielkopolska lowland) ,  A s  most of  t h e  P o l i s h  
t e r r i t o r y  t h e  Baain i s  covered w i t h  g l a c i a l  d e p o s i t s ,  most ly  
w i t h  t h o s e  o f  t h e  o l d e r  s t a g e s  o f  t h e  l a s t ,  B a l t i c  (warm) 
g l a c i a t i o n  ( s e e  F ig ,  1).  The Bas in  i s  s i t u a t e d  between two 
g r e a t  p r o g l a c i a l  ( i c e  marginal)  v a l l e y s  (p rado l inau )  i t h e  
Rote6 ( o r  ~ o r u b - ~ b e r s w a l d e )  v a l l e y  on t h e  n o r t h  and t h e  Warta 
(Warsaw-Berlin) v a l l e y  on t h e  sou th ,  Much narrower ,  r e l a t i v e l y  
sha l low,  t 5 e  v a l l e y  o f  Upper Note6 d i v i d e s  roughly  t h e  Basin  
i n t o  two p a r t s :  t h e  e a s t e r n  - t h e  Cuiavian ( ~ u j a w y )  p l a i n ,  
a lmost  f l a t  i s  covered w i t h  ground mora in ic  (mos t ly  c layey)  
d e p o s i t s ,  t h e  wes t e rn  one - t h e  h e i g h t s  o f  Cniezno i s  formed 
of end mora in ic  h i l l s  i n t e r m i n g l e d  w i t h  some f l u v i o g l a c i a l  
sed iments  ' (Pig,  2). A l l  t h o s e  g l a c i a l  d e p o s i t s  cover  t h i c k  
l a y e r s  o f  t e r t i a r y  sed iments  o u t  o f  which t h e  s o - c a l l e d  Poznafi 
d a y s  a r e  o f  v a l u e  as a b u i l d i n g  m a t e r i a l ,  
The impor t an t  g e o l o g i c a l  f e a t u r e  of  t h i s  a r e a  i s  a g r e a t  
Cuiavisn-Pomeranian a n t i c l i n o r i u m  ( ~ i ~ ,  2) ex tend ing  from t h e  
Holy Cross  Mountains on t h e  s o u t h - e a s t  t o  t h e  Pameranian c o a s t  
and t h e  I s l a n d  of FNgen (Rugia) on t h e  North-West, t h a t  under-  
l i e s  most of t h e  Bas in ,  With t h i s  a n t i c l i n o r i u m  Permian 
(Zechs t e in )  d e p o s i t s  a r e  connected w i t h  huge sa l t  bed3 from 
which a number o f  s a l t  domes ( d i a p i r s )  a r e  s t r e t c h i n g  ou t ,  reauh- 
aB w e l l  a0 
i n g  a lmost  a s u r f a c e , e x p l o i t e d  by e e v e r a l  minee ,ysa l ine  w a t e r s  
used by h e a l t h  r e s o r t s ,  some t r a c e s  of p e t r o l  and n a t u r a l  gas  
as w e l l  a s  J u r a s s i c  l i m e s t o n e s  e x p l o i t e d  f o r  v a r i o u s  purposes  
The g l a c i a t i o n  w a s  a l s o  r e s p o n s i b l e  f o r  t h e  format ion  of  
numerous l a k e s  of v a r i o u s  s i z e  and type ,  Most of them have 
d i sappea red  a l r e a d y  l e a v i n g  numerous ho l lows  f i l l e d  w i t h  p e a t  
and wi th  v a r i o u s  l a k e  d e p o s i f s .  The most c h a r a c t e r i s t i c  f o r  
t h e  a r e a  under  s tudy  a r e  t h e  r anges  of l o n g  and narrow channe l  
(or f i n g e r )  l a k e s  o f t e n  connected w i t h  each o t h e r  by streemu. 
The l a r g e s t  of them i s  GopZo Lake which t o g e t h e r  w i t h  some 
s m a l l e r  l a k e s  forms a channe l  about 70 km long ,  o r i g i n a l l y  
connected w i t h  Warta r i v e r .  I n  t h e  p a s t  i t  had c e r t a i n  import-  
ance  as a waterway (28) .  
Like t h e  whole P o l i s h  lowlands t h e  c l i m a t e  of t h e  Upper 
Ncted Basin  is c h a r a c t e r i z e d  by a c o n s t a n t  s t r u g g l e  of t h e  i n -  
f l u e n c e s  of  mari t ime c l i m a t e  of' Western Europe w i t h  t h o s e  o f  
t h e  c o n t i n e n t a l  c l i m a t e  of E a s t e r n  Europe. This  r e s u l t s  i n  
f r e q u e n t  changes i n  t h e  d i r e c t i o n  of  winds,  i n  t empera tu re s  
and i n  a weather  as a whole, Within t h e  Basin  i t s e l f  t h e  c l ima-  
t e  i s  l i t t l e  d i v e r s i f i e d .  I n  average on ly  35 days a r e  o f  
a mean tempera ture  below f r e e z i n g  p o i n t ,  Heavy f r o s t s  a r e  
r a r e  and do n o t  l a s t  l o n g  but  w i th  l i t t l e  snow cover  s t r o n g  
winds might damage w i n t e r  crops .  More p e r i l o u s  might be 
l i g h t  f r o s t s  d u r i n g  a growing season  which a r e  q u i t e  common 
i n  A p r i l ,  occu r  i n  average  4-5 t imes  i n  May and appear  some- 
t imes  even i n  June ,  p a r t i c u l a r l y  i n  t h e  e a s t e r n ,  f l a t t e r  p a r t  
of the  a r e a ,  Also l i g h t  f r o s t s  i n  a f a l l  a r e  t h e r e  t h e  
e a r l i e s t .  The average  l e n g t h  of  t h e  growing season  f o r  t h e  
Bas in  i s  215 days  (13). 
The most d i s t i n c t  c l i m a t i c  f e a t u r e  o f  t h e  a r e a  under  
stirdy i s  i t s  r e l a t i v e  d ryness ,  as t h e  Upper Note6 Val ley i s  
s i t u a t e d  i n  a very c e n t r e  of  t h e  d ry  b e l t  ( ~ i g ,  4) extending  
between middle Odra and middle V i s t u l a  r i v e r s ,  Th i s  b e l t  is 
o h a r a c t e r i z e d  by mean annua l  p r e c i p i t a t i o n  below 500 mm which 
drops  i n  t h e  c e n t r e  of t h e  a r e a  under  s t u d y  ( ~ r u s z w i c a )  t o  
below 450 mm, o u t  of  which on ly  s l i g h t l y  ove r  300 mm f a l l s  
i n  t h e  growing season,  
A t  the  same t ime  t h e  d i s t r i b u t i o n  o f  p r e c i p i t a t i o n  be- 
tween the years  i s  h i g h l y  uneven, Prscetica1I.y every second 
year i a  d r y  i n  t e rms  t h a t  a n  amount o f  p r e c i p i t a t i o n  i n  a 
growing s e a s o n ,  p a r t i c u l a r l y  i n  A p r i l  and May doea n o t  meet 
t h e  requi rements  of  most c u l t i v a t e d  p l a n t s ,  Unfavorable a r e  
aleo frequent obsnges  i n  t empera ture  and s t r o n g  sou th -eas t e rn  
winds i n  a s p r i n g t i m e  t h a t  l e e d  t o  f u r t h e r  d r y i n g  of s o i l s  
( 1 3 ) -  
Dif fe rences  i n  t h e  c h a r a c t e r  o f  g l a c i a l  d e p o s i t s  t o g e t h e r  
w i t h  d i f f e r e n c e s  i n  t h e  o r i g i n a l  v e g e t a t i o n  cover  c o n t r i b u t e d  
l a r g e l y  t o  t h e  d i f f e r e n t i a t i  on o f  s o i l s  (p ig .  5 ) .  of t h e  Upper 
Noted Basin ,  While on t h e  wes te rn  and south-western  p a r t s  
o f  t h e  a r e a  v a r i o u s  podzo l i c  s o i l s  formed from boulder  c l a y  
dominate,  i n t e r m i n g l e d  w i t h  some l i g h t e r ,  more sandy s o i l s  
f o ~ r n e d  on f l u v i o g l a c i a l  d e p o s i t s ,  and on t h e  n o r t h e r n  and 
n o r t h - e a s t e r n  margins ,  a l l u v i a l  sands  a r e  t h e  most common, 
t h e  c h a r a c t e r i e t i c  f e a t u r e s  of  t h e  c e n t r a l  p a r t  a r e  t h e  so- 
c a l l e d  Cuiavian b lack  e a r t h s  - ones  o f  t h e  most f e r t i l e  s o i l s  
i n  Poland (29)-  They have been formed d u r i n g  c e n t u r i e s  from 
o r i g i n a l  marshy s o i l s  which because of  a h i g h  c o n t e n t  of  c a l -  
cium ca rbona t e ,  w i t h  growing d rynes s  o f  c l i m a t e  had e v e n t u a l l y  
been t rans formed i n t o  a l k a l i  o r  n e u t r a l  s o i l s  w i t h  a deep,  
o f t e n  up t o  40 cm, humus l a y e r  w i t h  2-5 p e r  c e n t  c o n t e n t  o f  
o r g a n i c  m a t t e r  (32) .  
F e r t i l e  s o i l s  covered w i t h  s p a r s e  broad- leaf  f o r e s t s ,  easy 
t o  c u l t i v a t e  were p robably  r e s p o n s i b l e  f o r  ve ry  e a r l y  s e t t l e -  
ment o f  t h i s  a r e a  (33 ,  43). According t o  a r c h a e o l o g i c a l  f i n d -  
i n g s  a l r e a d y  i n  t h e  5 t h  cen tu ry  BC a g r i c u l t u r e  w a s  f a i r l y  
w e l l  developed t h e r e .  A f t e r  c e r t a i n  d e c l i n e ,  p robably  due t o  
t h e  g r e a t  m i g r a t i o n  of  ~ l a t i o n s ,  about  6 t h  c e n t u r y  AC c e r t a i n  
r e v i v a l  w a s  s p o t t e d  i n  t h a t  a r e a ,  which e v e n t u a l l y  became one 
of  t h e  c r a d l e a  o f  t h e  P o l i s h  s t a t ehood .  The Bavar ian gecgrapher 
i n  t h e  9 t h  cen tu ry  AC mentioned a l r e a d y  about  8 t r i b a l  s t a t e  
of Goplani  t h a t  occupied t h i s  a r e a  w i t h  i t s  c e n t r e  i n  Cuiav ia ,  
which l a t e r  on, t o g e t h e r  w i t h  o t h e r  t r i b e s ,  i s  supposed t o  
form a l a r g e r  s t a t e  o f  P o l a n i  compris ing t h e  p r e s e n t  day 
G r e a t e r  Poland. That  were P o l a n i  r u l e r s  who e v e n t u a l l y  u n i -  
f i e d  t h e  o t h e r  P o l i s h  t r i b e s  i n t o  t h e  h i s t o r i c a l  P o l i s h  s t a t e  
(43) 
I n  t h e  Middle Ages Cu iav i a  w i t h  i t s  c e n t r e  i n  Kruszwica 
on t h e  Gopito Lake - Mare Polonorum o f  t h a t  t ime - w a s  one o f  
t h e  b e s t  developed and most dense ly  popu la t ed  p a r t s  o f  Poland. 
It d e c l i n e d  w i t h  t h e  s u b d i v i s i o n  o f  t h e  P i a s t  monarchy and 
f r e q u e n t  i n r o a d s  o f  t h e  Teutonic  k n i g h t s .  A f t e r  t h e  r e u n i f i -  
c a t i o n  of  t h e  P o l i s h  S t a t e  and p a r t i c u l a r l y  a f t e r  t h e  reopening  
of  t h e  o u t l e t  t o  t h e  B a l t i c  Sea  th rough  Gdafisk, r e s u l t i n g  from 
t h e  v i c t o r y  ove r  t h e  Teuton ic  Order,  Cu iav i a  developed a g a i n  
as one of  t h e  most impor t an t  g r a i n  producing a r e a s  i n  Poland 
e x p o r t i n g  i t s  p r o d u c t s  by V i s t u l a  t o  Gdadsk and then  t o  
Western Europe. Swedish w a r s  of  t h e  17-18th c e n t u r i e s  and 
i n t e r n a l  d i e o r d e r s  c o n t r i b u t e d  g r e a t l y  t o  t h e  f u r t h e r  d e c l i n e  
of  t h e  coun t ry  as  a whole, A t  t h e  end of t h e  1 8 t h  c e n t u r y  i n  
r e s u l t  of t h e  p a r t i t i o n s  o f  Poland most of t h e  Upper Noted 
river Bas in  w a s  i n c o r p o r a t e d  t o  P r u s s i a ,  w i t h  t h e  except ion  
of i t s  sou th -eas t e rn  p a r t  which a f t e r  1815 became a p a r t  of 
t h e  autonomous P o l i s h  Kingdom under a s c e p t r e  of  t h e  Russian 
tsars, That d i v i s i o r ~  had a f a r  r e a c h i n g  consequences on t h e  
economic development o f  t h i s  a r e a .  
E a r l y  s e t t l e m e n t  of  t h e  a r e a  under  s t u d y  as w e l l  as i t s  
i n t e n s i v e  l a n d  u t i l i z a t i o n  r e s u l t e d  i n  t h e  c o n s i d e r a b l e  
t r a n s f o r m a t i o n s  of  i t s  n a t u r a l  c o n d i t i o n s  (22 ,  27, 33). Ea r ly  
d e f o r e s t a t i o n  of  t h i s  a r e a ,  p a r t i c u l a r l y  r a p i d  between t h e  
1 4 t h  and 1 8 t h  c e n t u r i e s  and convers ion  of f o r e s t s  i n t o  
f i e l d s ,  c o n t r i b u t e d  g r e a t l y  t o  f u r t h e r  d e s s i c a t i o n  of s o i l s  
by s o u t h - e a s t e r a  winds no l o n g e r  hampered by t r e e s .  I n  t h e  
1 8 t h  and 1 9 t h  c e n t u r i e s ,  i n  o r d e r  t o  extend t h e  s u r f a c e  of 
a g r i c u l t u r a l  l a n d ,  w a t e r  l e v e l  o f  numerous l a k e s  w a s  a r t i f i -  
c i a l l y  lowered., Many l a k e s  shrunk ,  t h e  o t h e r  d i sappea red  
a l t o g e t h e r .  I n  1873-1887 t h e  l e v e l  of  Gopzo l a k e  w a s  lowered 
by 1.38 rn what r e s u l t e d  i n  i t s  dwindl ing t o  t h e  p r e s e n t  s i z e  
and lowering o f  t h e  w a t e r  t a b l e  of t h e  connected l a k e s  (30) .  
The r ec l ama t ion  of  meadows and p a s t u r e s  by d r a i n a g e ,  w i thou t  
any a t t e m p t  t o  keep w a t e r  ba lance ,  f u r t h e r  accen tua t ed  t h i s  
p rocess .  A f t e r  few y e a r s  o f  good y i e l d s ,  i n  r e s u l t  of over-  
d ry ing ,  most o f  t h o s e  r ec l a imed  g r a s s l a n d s  had t u r n e d  i n t o  
was te  l and .  The ground w a t e r  t a b l e  o f  t h e  f i e l d s  had been 
lowered as w e l l  (15 ,  22, 27) .  
The p-roblem o f  t h e  s o - c a l l e d  l l s t e p p i z a t i o n l l  o f  Cu iav i a  
( 5 ,  25, 26,  34, 40) w a s  widely  d i s c u s s e d  both  i n  t h e  i n t e l -  
w a r  pe r iod  and a f t e r  World War 11. According t o  some b i o l o g i s t s  
( 7 ,  39 etc.J t h e  whole p roces s  i s  marked by t h e  growing appear-  
ance of p l a n t s  c h a r a c t e r i s  t i c  f o r  t h e  s t e p p e s  of s o u t h - e a s t e r n  
Europe such  as needle  g r a s s e s  ( S t i p a  c a p i l l a t a  and S. ~ o a n n i s ) ,  
adon i s  ad don is v e r n a l i s ) ,  S i b e r i a n  be l l - f l ower  (campanula 
s i b i r i c a )  e t c . ,  as w e l l  as an imals  such as hamster  ( ~ r i c e t u s  
c r i c e t u s )  , v o l e  (Micro tus  a r v a l i s )  , b u s t a r d  ( 0 t i s  t a r d a )  , 
numerous mol luscs ,  e t c .  a t  t h e  d e t r i m e n t  o f  s p e c i e s  char-  
a c t e r i e t i c  f o r  su r round ing  f o r e s t  s i t e s .  They exp la ined  t h i s  
p r o c e s s  as a r e s u l t  of  t r a n s f o r m a t i o n  o f  t h e  environment by 
Man, whi le  t h e  o t h e r  cha l l enged  t h a t  view ( 4 9 ) .  
The problem t o  what e x t e n t  t h i a  p r o c e s s  i s  r e s u l t i n g  from 
n a t u r a l  changes o f  c l i m a t e  o r  h a s  been caused by t h e  a c t i v i t y  
o f  Man i s  deba t ab l e .  It seems t h a t  whi le  t h e  Cuiavian P l a i n  
might have c e r t a i n  n a t u r a l  p r e d i s p o s i t i o n s  t h a t  f a c i l i t a t e d  
t h i s  p roces s ,  t h e  d e f o r e s t a t i o n ,  t h e  r ec l ama t ion  works and 
d e g ~ a d a t i o n  o f  s o i l s  r e s u l t i r r g  from long  l a s t i n g  c u l t i v a t i o n  
w i thou t  s u f f i c i e n t  manuring have c e r t a i n l y  c o n t r i b u t e d  t o  t h e  
a c c e l e r a t i o n  o f  t h e  p rocess .  
New s i t u a t i o c  emerged w i t h  t h e  i n t e n s i f i c a t i o n  o f  agri- 
c u l t u r e  a f t e r  World War 11, and p a r t i c u l a r l y  d u r i n g  t h e  l a s t  
15  y e a r s .  AS i n t e n s i v e  u se  o f  chemical  f e r t i l i z e r s  and h i g h e r  
c rop  p r o d u c t i v i t y  demands more and more wa te r )  it h a s  r e c e n t l y  
been observed t h a t  due t o  t h e  i n s u f f i c i e n t  mois tu re  growing 
i n p u t s  o f  chemical  f e r t i l i z e r s  no t  on ly  i n c r e a s e  l e s s  and l e s s  
t h e  y i e l d s  of some c r o p s ,  bu t  i n  some c a s e s  t hey  b r i n g  abou t  
even t h e i r  d e c l i n e .  It l o o k s  l i k e  c e r t a i n  c e i l i n g  o f  c r o p  
p r o d u c t i v i t y  under  p r e s e n t  day wa tz r  c o n d i t i o n s  has  been 
reached,  t h a t  would ba r  any f u r t h e r  development of a g r i -  
c u l t u r e  u n l e s s  more w a t e r  is  a r t i f i c i a l l y  i n t roduced .  This  
i s  a g e n e r a l  and ve ry  impor t an t  problem w i t h  which a g r i c u l t u r e  
of t h e  whole o f  t h e  c e n t r a l  P o l i s h  lowland i s  t o  b e  f aced  i n  
i t s  growing P u t e n s i f i c a t i o n ,  The problem appeared  e a r l i e s t  
j u s t  i n  t h e  Upper Note6 r i v e r  Basin. 
I r r i g a t i o n  sf f i e l d s  h a s  no t r a d i t i o n  i n  Poland,  Only 
r e c e n t l y  i t  has been i n t r o d u c e d  e i t h e r  i n  some S t a t e  farms o r  
e l s e  i n  t h e  sma l l - s ca l e  i n t e n s i v e  market ga rden ing  o f  t h e  
suburban zones,  A s  t h e  Upper Noted Bas in  i s  concerned wh i l e  
w a t e r  i s  v e r y  s c a r c e  on p l a c e  i t  could  e a s i l y  be drawn from 
t h e  nearby V i s t u l a  and Warta r i v e r s .  
I n  s p i t e  t h a t  t h e  e x i s t i n g  wa te r  r e s o u r c e s  a r e  abundant 
they  shou ld  c o n s c i o u s l y  be d i v i d e d  between i n d u s t r y ,  urban 
s e t t l e m e n t s  and a g r i c u l t u r e ,  and cou ld  be used f o r  i r r i g a t i o n  
under  t h e  c o n d i t i o n  t h a t  w a t e r  i s  Q u f f i c i e n t l y  c l e a n .  
It seems t h a t  t h e  whole problem i s  n o t  s o  much of  n a t u r a l  
o r  t e c h n i c a l  bu t  r a t h e r  of economic c h a r a c t e r .  I r r i g a t i o n  i s  
a c o s t l y  b u s i n e s s  which would r i s e  g r e a t l y  t h e  c o s t s  o f  a g r i -  
c u l t u r a l  p roduc t ion ,  To what e x t e n t  i n  t h e  P o l i s h  c o n d i t i o n s  
f i e l d  i r r i g a t i o n  can  be economical  and i f  s o  i n  which n a t u r a l  
c o n d i t i o n s  ( landforms ,  s o i l s ) ,  i n  which form of a g r i c u l t u r e  
and f o r  what c r o p s ,  t h e  problem demands a t h ~ r o u ~ h - ~ o i n ~  i n -  
v e s t i g a t i o n ,  The p o s s i b l e  s o l u t i o n s  a r e  r ang ing  from a z e r o  
growth of  a g r i c u l t u r e  upwards t h a t  c e i l i n g  through p a r t i a l  
t o  t o t a l  c r o p  i r r i g a t i o n .  
As forms of a g r i c u l t u r e  a r e  concerned two d i f f e r e n t  t y p e s  
of a g r i c u l t u r e  c o e x i s t  s i d e  by s i d e  i n  Poland: 
4 ,  sma l l - s ca l e  , i n d i v i d u a l  ( p r i v a t e )  a g r i c u l t u r e  t h a t  cover  a t  
present about 80 per cent of agricultural land and 2. large-sca- 
le socialized whether state or collective agriculture that 
cover 17.7 and 2.1 2er cent of agricultural land respectively. 
These proportions vary greatly from place to place. While 
regional differences between socialized farms are not very 
great as far as their level of development is concerned, 
individual agriculture in Poland is much more diversified. 
In general it is just passing from semi-subsistence through 
semi-commercial to commercial agriculture. Those stages of de- 
velopment of agriculture in individual parts of the country 
differ greatly not so much because of natural conditions but 
more for historical reasons. The same is true for the area 
of the Upper noted Basin. 
Present differences in the level and character of agri- 
culture in this area result from both differences of natural 
conditions and those caused by the differences in economic 
development in the past, particularly between the greater 
north-western part of the area which at the end of the 18th 
century was incorporated into Prussia and the smaller south- 
eastern part that became a part of the Tsarist Russia. 
In spite that the situation of Polish farmers in the 
Prussian part was difficult from the political point of view, 
particularly since the Bismarck time, because of a strong po- 
licy of germanization, including a pressure on taking over 
as much as possible of landlfrom the Polish great landowners 
and peasants for which a special I1Colonization Commissionfl 
was established, the economic situation in the Prussian part 
was much better. 
F i r s t  o f  a l l  l a n d  ownersh ip  w a s  g r a n t e d  t o  p e a s a n t s  
a l r e a d y  i n  1823,  w h i l e  i n  t h e  Russ ian  p a r t  o f  Po land  p e a s a n t s  
had t o  w a i t  u n t i l  1864. Then i n  r e s u l t  o f  a r a p i d  i n -  
d u s t r i a l i z a t i o n  and u r b a n i z a t i o n  t h a t  f o l l o w e d  t h e  u n i f i c a t i o n  
o f  Germany i n  1870,  a n  a b s o r p t i v e  market  f o r  a g r i c u l t u r a l  
p r o d u c t s  d e v e l o p e d  t h a t  c r e a t e d  good economic c o n d i t i o n s  f o r  
a g r i c u l t u r a l  development  a l s o  on t h e  f o r m e r  P o l i s h  t e r r i t o -  
r i e e .  
To r i s e  a g r i c u l t u r a l  p r o d u c t i o n  i t  became b o t h  f e a s i b l e  
and economica l  t o  i n c r e a s e  c a p i t a l  i n p u t s  and t o  i n t r o d u c e '  
modern a g r i c u l t u r a l  s y s t e m s .  The development  o f  t r a n s p o r t a t i o n  
network and %he e s t a b l i s h m e b t  o f  a number o f  p l a n t s  p r o c e s s i n g  
agr icul tura l  goods  and i n  r e s ~ l t  h e  development  of t h e  l o c a l  
market  f a c i l i t a t e d  a g r i c u l t u r a l  development .  A t  t h e  same t i m e  
a n  o u t l e t  f o r  l a b o u t  s u r p l u s e s  o f  manpower b o t h  i n  n e a r b y  
urban c e n t r e s  and  t h e  i n d u s t r i a l  d i s t r i c t s  of Western Germany 
e n a b l e d  t o  m a i n t a i n  and even t o  i n c r e a s e  t h e  s i z e  of farms. 
I n  r e s u l t  l a n d  and  l a b o u r  p r o d u c t i v i t y  o f  a g r i c u l t u r e  and i t s  
c o m m e r c i a l i z a t i o n  g r e a t l y  i c c r e a s e d ,  b o t h  i n  t h e  l a r g e  l a n d e d  
e s t a t e s ,  t h a t  i n  1907 i n  t h e  a r e a  u n d e r  s t u d y  owned a b o u t  a 
h a l f  o f  t o t a l  agricultural .  l a n d ,  and i n  s m a l l e r  farms most o f  
which  were h e l d  by midd le  s i z e d  o r  b i g  p e a s a n t  h o l d e r s .  
The s i t u a t i o n  i n  t h e  s o u t h - e a s t e r n  p a r t  t h a t  i n  1815 w a s  
i n c o r p o r a t e d  t o  R u s s i a  was d i f f e r e n t .  Delayed l a n d  re fo rm,  
l a c k  o f  o u t l e t  f o r  l a b o u r  s u r p l u s e s  due t o  v e r y  s l o w  pace  o f  
industrialization and  u r b a n i z a t i o n ,  p o o r  t r a n s p o r t a t i o n  n e t -  
work, and  low p r i c e s  f o r  a g r i c u l t u r a l  goods  r e s u l t i n g  from 
b o t h  t h e  weak l o c a l  market  a n d  t h e  c o m p e t i t i o n  of g r a i n  and 
meat p roduced  by e x t e n s i v e  methods on t h e  s o u t h e r n  s t e p p e  
gube rn i a s  of t h e  Russ ian  Empire made t h e  development o f  
a g r i c u l t u r e  d i f f i c u l t .  It w a s  t r u e  both  f o r  t h e  landed 
e s t a t e s  t h a t  covered l e s s  a g r i c u l t u r a l  a r e a  and were u s u a l l y  
s m a l l e r  t h a t  on t h e  west  and p a r t i c u l a r l y f o r  t h e  l a r g e l y  
s emi - subs i s t en t  peasan t  ho ld ings  t h a t  because o f  t h e  growing 
s u r p l u s e s  of  man power were compelled t o  subd iv ide  t h e i r  l a n d  
every  g e n e r a t i o n .  
Af te r  t h e  r e u n i f i c a t i o n  of P o l i s h  s t a t e  i n  1918 some l a n d  
r e s e r v e s  o f  t h e  fo rmer  Commision of Co lon iza t i on  as w e l l  as 
l a n d  taken  ove r  from some P o l i s h  and t h o s e  German landowners 
t h a t  l e f t  Poland w a s  subd iv ided  among p e a s a n t s ,  Th is  however 
d i d  no t  e l i m i n a t e  t h e  d i f f e r e n c e s  between t h e  two p a r t s  of 
t h e  Upper Note6 Basin. 
A f t e r  World War I1 a l l  l anded  e s t a t e s  i n  Poland were 
e i t h e r  subd iv ided  among p e a s a n t s  o r  conve r t ed  i n t o  s t a t e  farms. 
A s  however peasan t  h o l d i n g s  i n  t h e  sou th -eas t e rn  p a r t  of  t h e  
a r e a  were s m a l l e r  and t h e  denai . ty o f  a g r i c u l t u r a l  p o p u l a t i o n  
h i g h e r ,  most o f  t h a t  l a n d  w a s  used t h e r e  t o  i n c r e a s e  p e a s a n t  
farms and n o t  much w a s  l e f t  f o r  s $ a t e  farms, On t h e  c o n t r a r y ,  
i n  t h e  nor th-western  p a r t  of t h e  a r e a ,  where l anded  e s t a t e s  
covered more l a n d  and small fa rmers  were few, l e s s  l a n d  w a s  
g iven  t o  p e a s a n t s ,  and much more s t a t e  farms were organ ized .  
I n  r e s u l t  t h e  d i f f e r e n c e s  i n  t h e  a g r a r i a n  s t r u c t u r e  be- 
tween nor th-western  and s o u t h - e a s t e r n  p a r t s  of t h e  a r e a  
remained c o n s i d e r a b l e ,  While on t h e  north-west  s o c i a l i z e d  
(mos t ly  s t a t e )  farms cover  about  20 p e r  c e n t  o r  more of  a g r i -  
c u l t u r a l  l a n d ,  i n  t h e  s o u t h - e a s t e r n  p a r t  about  4 p e r  c e n t  on ly  
( p i g ,  6 ) .  A t  t h e  same t ime whi le  on t h e  e a s t  medium s i z e d  
farms (5-10 ha)  dominate,  cove r ing  about  47 p e r  c e n t  o f  i n -  
d i v i d u a l  a g r i c u l t u r a l  l a n d ,  over  1 5  p e r  c e n t  f a l l s  t o  t h e  
s m a l l e r  (below 5 ha) farms and onl; about  38 p e r  c e n t  t o  
l a r g e r  farms ( o v e r  10 h a ) ,  on t h e  north-west  l a r g e r  farms 
(F ig .  7) cover  u s u a l l y  ove r  61 p e r  c e n t  of a g r i c u l t u r a l  l a n d ,  
medium-sized farms (Fig.  8) over  30 p e r  c e n t  and t h e  s m a l l e s t  
9 p e r  c e n t  o f  a g r i c u l t u r a l  l a n d  of  i n d i v i d u a l  f a rmer s  (37 ,  35). 
I n  r e s u l t  o f  t hose  d i f f e r e n c e s  a l s o  d e n s i t y  of a g r i c u l t u -  
r a l  popu la t f  on (3'i.g. 9),  i n  t h e  sou- th-eastern  p a r t  i s  h i g h e r  
( o v e r  60 o r  even o v e r  70 persona pe r  100 h e c t a r e s  of a g r i c u l -  
t u r a l  l a n d ) ,  and lower  on t h e  north-west  (below 50 o r  even 
below 40 p e r s o n s )  (27) .  D i f f e r e n c e s  i n  t h e  s i z e  of farms and 
l a b o u r  r e s e r v e s  r e s u l t  i n  t h e  d i f f e r e n t i a t i o n  of  a g r i c u l t u r a l  
mechanizat ion and n a c h i n i z a t i o n .  Here however g r e a t e r  d i f f e r e n -  
ces could be obaerv2d between ~ o c i a l i z e d  and i n d i ~ j . d u c 1  fbrms, 
l e s s e r  i n  t h e  u se  of chemica l  f e r t i l i z e r s ,  a s  p r i v a t e  farms, 
p a r t i c u l a r l y  l a r g e r  ones  on t h e  west  i n  t h i s  r e s p e c t  do no t  
l a g  much b e h i ~ d  s o c i a l i z e d  farms, Also c rop  r o t a t i o n  systems 
(37) a r e  d i f f e r e n t  i n  t h e  s o c i a l i z e d  farms. With t ha t  r e s p e c t  
i n  t h e  i n d i v i d u a l  farms c o n s i d e r a b l e  d i f f e r e n c e s  occur  be- 
tween l a r g e r  farms o f  t h e  north-west  where t hey  a r e  more 
v a r i e d  ( u s u a l l y  4-5 y e a r s  long)  and s m a l l e r  farms o f  t h e  
s o u t h - e a s t  where t h e y  a r e  much more uniform ( u s u a l l y  3 o r  4 
y e a r s  l ong ) .  
Because o f  l i m i t e d  a r e a  and low p r o d u c t i v i t y  o f  per-  
manent g r a s s l a n d s  and a very  l i t t l e  importance o f  p e r e n n i a l  
c rops  (o roha rds )  a r a b l e  l a n d s  a r e  t h e  p r i n c i p a l  b a s i s  o f  
a g r i c u l t u r a l  p roduc t ion  i n  t h e  Upper Noted Basin.  
While i n  i n d i v i d u a l  a g r i c u l t u r e ,  on b e t t e r  s o i l d  i n t e n s i v e  
c rops  such as s u g a r  bee t  and p o t a t o e s  occupy t o g e t h e r  over  
30-35 p e r  c e n t  of a r a b l e  l a n d ,  e x t r a c t i v e  ( o r  e x a c t i n g )  c rops  
(mos t ly  wheat and b a r l e y )  - 50-55 p e r  c e n t  and s t r u c t u r e - f o r m i n g  
c r o p s  (mos t ly  c l o v e r  and l u c e r n e )  - l e s s  t han  1 5  p e r  c e n t ,  on 
poo re r  s o i l s  t h e  p r o p o r t i o n s  a r e  d i f f e r e n t .  I n t e n s i v e  c r o p s  
( a lmos t  e x c l u s i v e l y  p o t a t o e s )  u s u a l l y  do n o t  exceed 30 p e r  
c e n t ,  e x a c t i n g  c rops  (mos t ly  r y e )  - 60-73 p e r  c e n t  and s t r u c -  
ture-forming c r o p s  (mos t ly  c l o v e r  and s e r r a d e l l a )  - 10-15 pe r  c e n t  
of a r a b l e  l and .  I r r e s p e c t i v e  of  s o i l s  a r a t i o  of  s u g a r  b e e t s ,  
bar3ey and l u c e r n e  i s  u s u a l l y  h i g h e r  on t h e  nor th -wes te rn  and 
t h a t  of  legumes as a whole on t h e  s o u t h - e a s t e r n  p a r t s  of t h e  
a r e a  ( 3 7 ) .  
The p r o p o r t i o n s  between v a r i o u s  crGps co,uld b e s t  be p re -  
s e n t e d  by meano of c rop  combinat ions  ( o r  o r i e n t a t i o n s  i n  t h e  
u t i l i z a t i o n  of  a r a b l e  l a n d ) .  2) 
P-s t h e  mcst common c rop  combinat ions  i n  i n d i v i d u a l  farm- 
i ~ . g  (F ig .  1,0) of t h e  a r e a  under  s t u d y  t h e  f o l l o w i n g  cou ld  bs 
l i s t e d  (37) : 
E r + i l p  + S1c - e x t e n s i v e ,  r y e ,  s e c o n d a r i l y  w i t h  pota-  4 
t o e s  and c l o v e r ,  on poo re r  s o i l s  o f  t h e  sou th -eas t .  I 
F j r  + 12p + S 1 l ,  E3 + 12p + S1s/c  o r  E3r + 12p + S1c - me- 
6ium i n t e n s i v e ,  r y e  w i t h  p o t a t o e s ,  s e c o n d a r i l y  w i t h  l u p i n e ,  
s e r r a d e l l a  o r  c l o v e r  on poo re r  s o i l s  o f  t h e  sou th -eas t .  
E r + 12bp + S l c  - medium i n t e n s i v e ,  r y e ,  w i t h  p o t a t o e s  3 
and s u g a r  b e e t s ,  s e c o n d a r i l y  w i t h  c l o v e r ,  on b e t t e r  s o i l s  most ly  
on t h e  sou th -eas t .  
E4 + 12p - medium i n t e n s i v e ,  r y e  w i t h  p o t a t o e s  - t h e  most 
common. They can  be found e i t h e r  on medium q u a l i t y  s o i l s  on t h e  
sou th -eas t  o r  on poor  q u a l i t y  s o i l s  on t h e  north-west .  
E4hr + 12p - medium i n t e n s i v e ,  ba r ley- rye  w i t h  p o t a t o e s  - 
on medium q u a l i t y  s o i l s  on t h e  nor th-west .  
E4hr  + Iapb  - medium i n t e n s i v e ,  b a r l e y - r y e  w i t h  p o t a t o e s  
and  s u g a r  b e e t s  i n  t h e  n o r t h - w e s t e r n  p a r t  of  t h e  a r e a .  
E3r + I p - i n t e n s i v e ,  r y e - p o t a t o e s  o r i e n t a t i o n  on medium 3 
q u a l i t y  s o i l s  b o t h  i n  t h e  e a s t e r n  and  w e s t e r n  p a r t s  o f  t h e  
a r e a .  
E r h  + 13pb - i n t e n s i v e  rye-barley-po8atoes-sugar b e e t s ,  3 
on good s o i l s ,  e x c l u s i v e l y  on t h e  nor th-west .  
The a n a l y s i s  of  c o r r e l a t i o n  between q u a l i t y  o f  s o i l s ,  
s i z e  o f  f a r m s  and c r o p  combina t ions  ( F i g .  6) r e v e a l e d  t h e  
f o l l o w i n g  c o n c e n t r a t i o n s  ( F i g .  11)  (37) : 
I. With l a r g e r  farms and  good s o i l s  t h e  i n t e n s i v e  ( E ~ I ~ )  
c r o p  c o m b i n a t i o n s  w i t h  c e r e a l s ,  ma in ly  w h e a t - b a r l e y ,  o r  b a r l e y  
and scgar b e e t s  a r e  c o r r e l a t e d ;  l e a s  o f t e n  medium i n t e n s i v e  
o n e s  ( E ~ I ~ )  w i t h  l e s s  s u g a r  b e e t s  - m o s t l y  on t h e  ncr th-west .  
11, With l a r g e r  farms and s l i g h t l y  p o o r e r  s o i l s  s i m i l a r ,  
most o f t e n ,  medium i n t e n s i v e  ( E  I ) b u t  sometimes a l s o  i n t e n -  4 2 
s i v e  ( E  I ) c r o p  c o m b i n a t i o n s  a r e  c o r r e l a t e d  - main ly  on t h e  3 3 
nor th -wes t ,  
111, With l w g e r  farms h u t  pooTer s o i l s ,  medium i n t e n s i v e  
(E412) r y e  o r  rye-wheat  w i t h  p o t a t o e s  c o m b i n a t i o n s  a r e  c o r -  
r e l a t e d  i n  t h e  w e s t e r n  p a r t  o f  t h e  a r e a ,  w h i l e  medium i n t e n -  
s i v e  ( E  I S ) ,  m o s t l y  r y e  o r  r y e - b a r l e y  w i t h  p o t a t o e s ,  s e c -  3 2 1  
o n d a r i l y  w i t h  c l o v e r ,  i n  t h e  e a s t e r n  p a r t  of  t h e  a r e a ,  
I V ,  With l a r g e r  o r  medium-sized farms b u t  s t i l l  p o o r e r  
s o i l s  - medium i n t e n s i v e  c r o p  c o m b i n a t i o n s  ( E ~ I ~ s , )  a r e  co r -  
r e l a t e d ,  e x c l u s i v e l y  r y e  w i t h  p o t a t o e s ,  s e c o n d a r i l y  w i t h  c l o v e r  
o r  s e r r a d e l l a  on t h e  s o u t h - e a s t .  
V, With l a r g e r  farms and similar s o i l s  on t h e  e a s t  b u t  
t h e  p o o r e s t  s o i l s  on t h e  nor th -wes t  o n l y ,  e x t e n s i v e  c r o p  corn- 
b i n a t i o n s  (E411S1) , main ly  r y e ,  s e c o n d a r i l y  w i t h  p o t a t o e s ,  
s e r r a d e l l a  o r  l u p i n e ,  a r e  c o r r e l a t e d .  
V I .  With small farms and poor s o i l s ,  medium i n t e n s i v e  o r  
even i r i t ens ive  ( i n  c a s e  of urban t e r r i t o r i e s )  c rop  combina- 
t i o n s  a r e  c o r r e l a t e d .  As on t h e  a r e a  under  s t u d y  small farms 
seldom dominate excep t  urban areas, t h e s e  c o r r e l a t i o n s  seem 
t o  be no t  very  concl .usive.  
It i s  i n t e r e s t i n g  t h a t  crop combinat ions  i n  medium-sized 
farms do n o t  r e v e a l  c l o s e r  c o r r e l a t i o n s  w i t h  s o i l  c o n d i t i o n s .  
I n  g e n e r a l  however on good s o i l s  i n t e n s i v e  ( E ~ I ~ s ~  o r  E I ) 3  3  
c rop  combinat ions  p r e v a i l  whi le  on medium q u a l i t y  s o i l s  - me- 
dium i n t e n s i v e  ones  ( E ~ I ~ s ~  o r  ~ ~ 1 ~ ) .  With poo re r  s o i l s  medium 
i n t e n s i v e  ( E  I S ) c r o p  combinat ions  o f t e n  c o r r e l a t e .  Most o f  3 2 1  
t h e  u n i t s  with a dominance of  medium-sized farms a r e  char-  
a c t e ~ i s t i c  f o r  t h e  sou th-eas t .  
I n  g e n e r a l  as one can s e e  from t h e  above t h e  d i s t r i b u t i o n  
of c rop  combinat ions  i n  i n d i v i d u a l  fa rming  i s  c o r r e l a t e d  i n  
a h i g h  degree  w i t h  bo th  q u a l i t y  of s o i l s  and t h e  s i z e  of  farms. 
Add i t i ona l  f a c t o r s  tha. t  may d i s t o r t  that  p i c t u r e  a r e  d i f f e r e n c e s  
i n  l a b o u r  r e s e r v e s ,  l o c a t i o n  i n  r e l a t i o n  t c  i n d u s t r i a l  o r  
market c e n t r e s ,  and. a g e n e r a l  l e v e l  of a g r i c u l t u r a l  development. 
I n  i n d i v i d u a l  farms t h e  h i g h e s t  y i e l d s  of c e r e a l s  a r e  
ob t a ined  i n  t h e  c e n t r a l  p a r t  o f  t h e  a r e a  under s t u d y ,  t h e  
h i g h e s t  y i e l d s  o f  p o t a t o e s  on t h e  extreme n o r t h  of  t h e  a r e a ,  
The d i f f e r e n t i a t i o n  of c r o p  combinat ions  i n  t h e  s o c i a l i z e d  
farming (F ig .  12) i s  much g r e a t e r  be ing  much l e s s  r e l a t e d  t o  
q u a l i t y  of  s o i l s  and p a r t i c u l a r l y  t o  t h e  s i z e  of ho ld ings .  It 
i s  more connected w i t h  a planned p roduc t ion  o r i e n t a t i o n  of 
farming and t o  some e x t e n t  w i t h  l a b o u r  r e s e r v e s .  
I n  g e n e r a l  c rop  combinat ions  i n  s t a t e  farming a r e  l e s s  
i n t e n s i v e  t han  i n  i n d i v i d u a l  farming,  The p r o p o r t i o n  of 
I 
i n t e n s i v e  c r o p s  ( s u g a r  b e e t s ,  r apeseed ,  much l e s s  p o t a t o e s )  
u s u a l l y  do n o t  exceed 25 p e r  c e n t  and o f t en  f a l l s  below 20 
p e r  c e n t  o f  a r a b l e  l a n d ,  t h e  p r o p o r t i o n  of  e x t r a c t i v e  c rops  
(more wheat and b a r l e y ,  much l e s s  rye )  i s  a l s o  lower - 40-50 
p e r  c e n t  and o f t e n  l e s s  than 40 p e r  c e n t  o f  a r a b l e s ,  whi le  
t h a t  o f  s t r u c t u r e  forming c rops  ( c l o v e r ,  l u c e r n e ,  mixed fodde r  
c rops )  u s u a l l y  exceeds  30 p e r  c e n t  o r  even 35 p e r  cent; o f  
a r a b l e  land.  
The mcst common a r e  v a r i o u s  e x t e n s i v e  c r o p  combinat ions  
S  ) i m u a l l y  r y e ,  rye-wheat,  wheat-bar ley o r  wheat w i t h  E311 2 
v a r i o u s  legumes such  as c l o v e r ,  l u c e r n e ,  mixed f o d d e r s  (mash- 
].urn) and s e c o n d a r i l y  w i t h  p o t a t o e s ,  s u g a r  b e e t s  o r  maize 
(grown mainly f o r  s i l a g e ) .  
The second a r e  v a r i o u s  medium i n t e n s i v e  c r o p  combinat ions  
( E  I S ) ,  u s u a l l y  r y e ,  r ye -ba r l ey ,  and wheat-bar ley w i t h  3 2 1  
p o t a t o e s  or /and s u g a r  b e e t s  and s e c o n d a r i l y  w i t h  c l o v e r  or/and 
l u c e r n e .  
I n  few e t a t e  farms h i g h l y  e x t e n s i v e  (E2S4 o r  E  S ) c rop  5  1 
combinat ions  were found,  w h i l e  i n t e n s i - f e  c rop  combinat ions  
were d i s c e r n e d  i n  some s t a t e  farms o f  t h e  n o r t h - e a s t  where 
s t a t e  farms a r e  few. 
Crop combina t ions  i n  c o l l e c t i v e  farms a r e  u s u a l l y  l e s s  
i n t e n s i v e  t han  i n  i n d i v i d u a l  farms but  more i n t e n s i v e  t han  i n  
s t a t e  farms. Two groups  of  c r o p  combinat ions  p r e v a i l :  
1. E311S2 - Extens ive  r y e ,  r ye -ba r l ey  o r  barley-wheat ,  
w i t h  mixed f o d d e r s  (rnashlutn) o r  c l o v e r  and s e c o n d a r i l y  w i t h  
r\ 
s u g  ( n r  bee t s .  
u 
2. E312S1 - Medium i n t e n s i v e  r y e ,  r y e - b a r l e y ,  wheat- 
b a r l e y  o r  wheat ,  w i t h  p o t a t o e s ,  s u g a r  b e e t s ,  r a p e s e e d ,  s e c -  
o n d a r i l y  w i t h  mixed f o d d e r s  o r  o t h e r .  
More i n t e n s i v e  (E I ) c r o p  c o m b i n a t i o n s  a r e  c h a r a c t e r i s t i c  3 3 
f o r  few c o l l e c t i v e  farms o f  t h e  s o u t h - e a s t e r n  p a r t  o f  t h e  a r e a .  
As l i v e s t o c k  b r e e d i n g  (42)  i s  concerned  t h e  d e n s i t y  o f  
c a t t l e  i s  n o t  much d i f f e r e n t i a t e d  on t h e  Upper Note6 B a s i n ,  
v a r y i n g  between 50 t o  55 h e a d s  p e r  100 h e c t a r e s  o f  a g r i c u l t u r a l  
l a n d ,  i n  which 60-70 p e r  c e n t  a r e  cows. It i s  h i g h e r  i n  t h e  
c e n t r e ,  l o w e r i n g  towards  b o t h  t h e  nor th -wes t  and  s o u t h - e a s t .  
D i f f e r e n c e s  i n  t h e  d i s t r i b u t i o n  o f  p i g  p o p u l a t i o n  a r e  much 
h i g h e r ,  r a n g i n g  from 90-100 h e a d s  p e r  100 h e c t a r e s  o f  agri- 
c u l t u r a l  l a n d  on t h e  s o u t h - e a s t ,  where s m a l l e r  farms damina te ,  
and 70-80 h e a d s  on t h e  n o r t h - w e s t ,  b e i n g  t h e  l o w e s t  (60-70 
heads )  i n  a v e r y  c e n t r e  o f  t h e  a r e a .  
Sheep b r e e d i n g  i s  l e s s  developed.  Its d e n s i t y  i s  t h e  
h i g h e s t  i n  c e n t r a l  p a r t  o f  t h e  a r e a  (30-40 h e a d s ) ,  l o w e r  on 
t h e  nor th -wes t  (20-30 h e a d s )  and t h e  l o w e s t  on t h e  s o u t h - e a s t  
( 15-20 h e a d s ) .  
P o u l t r y  b r e e d i n g  does  n o t  p l a y  any i m p o r t a n t  r o l e .  Its 1 
d e n s i t y  v a r i e s  between 3501450 h e n s  p e r  100 h e c t a r e s  o f  agri- 
c u l t u r a l  l a n d  on t h e  e a s t ,  below 350 h e a d s  on t h e  w e s t  and 
much l e s s  t h a n  300 h e a d s  i n  t h e  south-west .  
I n  t o t a l  t h e  d e n s i t y  o f  l i v e s t o c k  p o p u l a t i o n  i n  c o n v e n t i o n a l  
( l a r g e )  a n i m a l  u n i t s  v a r i e s  from below 65 i n  t h e  c e n t r a l  and 
n o r t h e r n  p a r t  o f  t h e  r e g i o n  t o  o v e r  80 u n i t s  m o s t l y  on t h e  
South-Eas t  ( F i g .  13)  . 
A s  a whole o r i e n t a t i o n s  o f  l i v e s t o c k  b r e e d i n g  a r e  s i m p l e  
and l i t t l e  d i v e r s i f i e d .  Most common i s  t h a t  o f  c a t t l e  b r e e d i n g  - 
w i t h  p i g s  ( C  P ) .  I n  t h e  c e n t r a l  p a r t  o f  t h e  a r e a  t h e  dominance 4 2 
o f  c a t t l e  i s  i n c r e a s i n g  ( C  P ) , w h i l c  on t h e  s o l ~ t h - e a s t  i s  5 1  
d e c r e a s i n g  ( C  P ) ,  3 3 
I n  t h e  s o c i a l i z e d  f a r m i n g  l i v e s t o c l c  p o p u l a t i o n  p e r  u n i t  
a r e a  i s  s m a l l e r ,  p a r t i c u l a r l y  as p i g s  a r e  concerned.  The r a t i o  
o f  cows t o  t o t a l  c a t t l e  i s  lower  (40-60 p e r  c e n t )  t h a t  r e f l e c t  
mixed, d u a l  p u r p o s e  o r  bee f  o r i e n t a t i o n  o f  c a t t l e  b reed ing .  
Taking g r o s s  a g r i c u l t u r a l  p r o d u c t i o n  o f  i n d i v i d u a l  farms 
as a whcle  the  f o l l o w i n g  o r i e n t a t i o n s  have  been i d e n t i f i e d  
( 2 3 ,  24 ,  35) on t h e  a r e a  u n d e r  s t u d y ,  
I n  t h e  c e n t r a l  p a r t  o f  t h a t  area mixed o r i e n t a t i o n s  ( V  A ) 3 3 
whea t -po la toes -mi lk  w i t h  pork  p r e v a i l ,  w h i l e  toward  t h e  s o u t h -  
e a s t  and n o r t h - e a s t  t h e y  a r e  c h a n g i n g  i n t o  c r o p  o r i e n t a t i o n s  
with l i v e s t o c k   product^ ( V ~ A * )  - p o t a t o e s  w i t h  s7agar b e e t s ,  
whea t ,  p o r k  a n d  m i l k  and towards  nor th -wes t  t o  c r o p ,  p o t a t o e s  
w i t h  whea t ,  r y e ,  p o r k  and mi lk ,  I n  t h e  f o r m e r  d i s t r i c t  o f  
i n i n  d i f f e r e n t  mixed o r i e n t a t i o n s x  rye-mi lk  w i t h  p o t a t o e s  
and pork  were  .observed.  
Land p r o d u c t i v i t y  i n  t e r m s  of  g r o s s  a g r i c u l t u r a l  produc- 
t i o n  p e r  u n i t  a r e a  i s  i.n i n d i v i d u a l  farming r a t h e r  h i g h  i n  
b o t h  p a r t s  of t h e  a r e a  u n d e r  s t u d y  (18,600-20.000 z l o t y s  p e r  
1  h e c t a r e  o f  a g r i c u l t u r a l  l a n d ) ,  l o w e r i n g  t o  t h e  n o r t h  (16,000- 
1S.000 z l o t y s )  as t h e  q u a l i t y  of  s o i l s  d e c r e a s e s ,  Labour 
p r o d u c t i v i t y  i n  t e r m s  of  g r o s s  a g r i c u l t u r a l  p r o d u c t i o n  p e r  
one p e r s o n  employed i n  a g r i c u l t u r e  i s  t h e  h i g h e s t  (80-90.000 z l )  
i n  t h e  w e s t e r n  p a r t  of t h e  a r e a ,  l o w e r i n g  t o  t h e  e a s t  and t o  
t h e  n o r t h ,  and p a r t i c u l a r l y  t o  t h e  s o u t h - e a s t  (50-60.000 z l )  
where s m a l l e r  farms u s i n g  more l a b o u r  dominate  ( 2 3 ,  24 ,  35) .  
The d e g r e e  of comme@alizat ion ( 3 5 ,  36) i s  t h e  h i g h e s t  
( o v e r  55 p e r  c e n t  of g r o s s  p r o d u c t i o n )  i n  t h e  c e n t r a l  p a r t  o f  
t h e  a r e a ,  i . e .  where s u g a r  b e e t s ,  r apesecd  and some o t h e r  
cash  c r c p s  make a h i g h  pe rcen t age  of  a g r i c u l t u r a l  p roduc t ion  
ar,d bvnere f a i r l y  h i g h  p a r t  o f  mi lk ,  beef and porli i s  a l s o  
commercial ized.  It i s  lower  both toward t h e  n o r t h  and on t h e  
s o u t h  ( below 40 p e r  o e c t )  . 
According t o  Falkowski (9)  t h e  f o l l o w i n g  t y p e s  of  a g r i -  
c u l t u r e  3, could  be i d e n t i f i e d  i n  t h e  Upper Note6 Basin  (F ig .  
14) 2 
1.  I n t e n s i v e ,  h i g h l y  p roduc t ive  (70-90 conven t iona l  g r a i n  
u n i t s  pe r  h e c t a r e  of  a g r i c u l t u r a l  l and )  and commercial a g r i -  
c u l t w r e  (55-65 p e r  c e n t  o f  a g r i c u l t u r a l  p roduc t ion )  r e s u l t i n g  
from r e l a t i v e l y  h i g h  i n p u t s  of chemical  f e r t i l i z e r s  ( o v e r  200 kg 
i n  pure  c o n t e n t  NPK p e r  1 h e c t a ~ e  of a g r i c u l t u r a l  l a n d ) ,  
r e l a t i v e l y  h i g h  mechanizat ion (30-40 h e c t a r e s  p e r  1 t r a c t o r ) ,  
w i t h  medium i n t e n s i t y  of  l i v e s t o c k  b reed ing  (80-90 l a r g e  
animal u n i t s  p e r  100 h e c t a r e s  of  a g r i c u l t u r a l  l a n d ) .  I n  g r o s s  
p roduc t ion  c r o p  o r i en t s -b ions  ( V  A ) , wheat-sugar bee t s - fodder  4  2  
c r o p s  w i t h  d u a l  purpose  (mi lk  acd beef)  c a t t l e  and w i t h  p i g  
b reed ing  dominate.  
Animal p roduc t s  p r e v a i l  i n  commercial p roduc t ion  ( A ~ V ~ )  , 
beef-milk-pork w i t h  wheat ,  b a r l e y ,  s u g a r  b e e t s  and sometimes 
w i t h  r y e  and p o t a t o e s .  
This type  h a s  developed i n  t h e  b e s t  natural c o n d i t i o n s ,  
on t h e  heavy s o i l s  ( b l a c k  e a r t h s ,  c layey  podzo l i c  s o i l s  e t c . )  
of t h e  Cuiavian p l a i n  and t h e  Gniezno h e i g h t s  as w e l l  as on 
Krajna  h e i g h t s  on t h e  extreme n o r t h  of  t h e  B a s i n .  
2. I n t e n s i v e ,  p r o d u c t i v e  (50-70 g r a i n s  u n i t s )  and com- 
n e r c i a l  (50-55 p e r  c e n t )  a g r i c u l t u r e  w i t h  s l i g h t l y  lower  h i g h  
c h e ~ i c a l  f e r t i l i z a t i o n  (150-200 kg NPK), lower  mechanizat ion 
(40-45 h e c t a r e s  p e r  1  t r a c t o r ) ,  bu t  h i g h e r  d e n s i t y  of l i v e s t o c k  
(100-120 large animal units). Crcp production dominates in 
gross production (V4A2). Wheat-sugar beets with beef, pork 
and milk (on the north-west) or wheat-rye-potatoes with pork 
and milk orientations (on the south-east) dominate. Commercial 
production orientations are mixed (A V ) pork-beef-milk-sugar 3 3 
beets-potatoes. This type has developed on the areas with good 
or medium quality soils in the eastern part of the Cuiavian 
plain as well as on the clayey soils of the Gniezno heights. 
3. Medium intensive, medium productive (about 50 grain 
units) and, medium commercial (45-50 per cent) agriculture, 
with lower chemical fertilization (below 150 kg NPK per 1 
hectare of agricultural land) and mechanization (40-50 hectares 
per 1 tractor); inputs of labour are higher (30-40 employed 
per 100 hectares of agricultural land). In grcss production 
crop with livestock orientations (v4A2) - rye-wheat-potatoes 
with pork and milk dominate. In commercial production - mixed 
orientations (V A )r rye-potatoes, pork and milk. Tnis type 3 3 
has developed mainly in the south-eastern part of the area. 
The ty?e 4 is occurring in two variants: 
4a4 Intensive, productive and commercial agriculture with 
higher inputs of labour (over 30 active in agriculture per 
100 hectares of agricultural land), high proportion of part- 
time farmers (70-80 per cent) have developed irrespectively of 
natural conditions in the suburban zones of certain towns 
(Inowrockaw, Nakko etc,). In gross production crop orienta- 
tions (v4A2), with livestock, rye-potatoes-fodders with cattle 
and pigs dominate, in commercial production livestock with 
crops (V2A4)r dairy cattle-pigs with potatoes, vegetables and 
rye. 
4b. This v a r i a n t  i s  similar t o  4a but  because o f  t h e  
o r e a t e r  d i s t a n c e  from urban c e n t r e s  and poor s o i l s  i t  i s  l e a s  0 
i n t e n s i v e ,  l e s s  p roduc t ive  and l e s s  commercial,  It has been 
i d e n t i f i e d  on t h e  n o r t h ,  west  and sou th -eas t  o f  t h e  a r e a  under 
s tudy .  
5. R e l a t i v e l y  e x t e n s i v e ,  low p roduc t ive  ( abou t  40 g r a i n  
u n i t s )  and low commercial ( abou t  30 p e r  c e n t )  a g r i c u l t u r e  w i t h  
lower  c a p i t a l  i n p u t s  (below 1CO kg o f  f e r t i l i z e r s  i n  pure  
c o n t e n t  p e r  1  h e c t a r e ,  60-100 h e c t a r e s  p e r  one t r a c t o r ) .  Crops 
p r e v a i l  i n  g r o s s  p roduc t ion  ( v ~ A ~ ) .  Rye-potatoes-fodder c rops  
w i t h  p i g s  and c a t t l e  o r i e n t a t i o n s .  Commercial o r i e n t a t i o n s  a r e  
mixed (V A ) r y e - p o t a t o e s - p i g s - c a t t l e .  Th is  type has been 3  3  
i d e n t i f i e d  on t h e  poor  s o i l s  o f  t h e  n o r t h - e a s t e r n  p a r t  o f  
t h e  a r e a .  
The dominance, co-dominance o r  co-ex is tence  of p a r t i c u l a r  
t y p e s  of  a g r i c u l t u r e  has s e r v e d  t h e  same a u t h o r  as a b a s i s  f o r  
s u b d i v i d i n g  t h e  a r e a  i n t o  a g r i c u l t u r a l  r e g i o n s  and sub reg ions .  
b e  l a r g e r  nor th -wes te rn  p a r t  of t h e  a r e a  under  s t u d y  w i t h  
more advanced a g r i c u l t u r e ,  more s o c i a l i z e d  faras, l a r g e r  i n d i -  
v i d u a l  farms, h i g h e r  c a p i t a l  i n p u t s ,  lower  l a b o u r  i n p u t s ,  
h i g h e r  l a b o u r  p r o d u c t i v i t y  and commerc ia l i za t ion  h a s  been 
i n c l u d e d  t o  t h e  I V  G r e a t e r  Poland-East Pomeranian r e g i o n  
d e s c r i b e d  be fo re  (17) .  
Within t h e  a r e a  under  s t udy  t h i s  r e g i o n  has been subdiv ided  
i n t o  t h e  f o l l o w i n g  sub reg ions :  
IV.3, Krajna  (on t h e  extreme n o r t h )  w i t h  h i g h  p r o p o r t i o n  o f  
t h e  type  1 and lower  of t h e  t y p e s  2 and 3. 
IV.4. Bydgoszcz-Torufi on t h e  n o r t h - e a s t  w i t h  t y p e s  4a and 5. 
IV.5. Kujawy ( ~ u i a v i a )  i n  t h e  c e n t r e  - w i t h  about  80 p e r  c e n t  
s h a r e  of t h e  t ype  1 and s m a l l e r  p r o p o r t i o n s  of t h e  t y p e s  2 ,  4a,  
4b and 5. 
I V .  6. W~growiec  - on t h e  west  w i t h  t y p e s  4b and 5. 
The much smaller sou th -eas t e rn  p a r t  w i t h  l e s s  advanced 
a g r i c u l t u r e ,  l e s s  s o c i a l i z e d  farms, s m a l l e r  i n d i v i d u a l  farms, 
lower  c a p i t a l  but  h i g h e r  l a b o u r  i n p u t s ,  lower  l a b o u r  produc- 
t i v i t y  and commerc ia l iza t ion  has  been i d e n t i f i e d  as a p a r t  of 
t h e  l a r g e r  V C e n t r a l  (Warsaw-~6di)  Region, i n  which type 3 
p r e v a i l s  w i t h  t y p e s  5  and 1 of  l e s s  importance.  
The i n t r o d u c t i o n  p r e s e n t e d  above h a s  been based on t h e  
m a t e r i a l  c o l l e c t e d  from v a r i o u s  s t u d i e s ,  compiled f o r  v a r i o u s  
b a s i c  u n i t s ,  and v a r i o u s  p e r i o d s , d e a l i n g  mainly w i t h  i n d i v i d u a l  
fa rming ,  made e i t h e r  f o r  t h e  whole coun t ry  (23 ,  24, 35,  36) o r  
cove r ing  on ly  a p a r t  of t h e  a r e a  under  s tudy  ( 9 ,  37, 38).  
The s tudy  t o  be made s p e c i a l l y  f o r  t h e  programme shoulc! 
cove r  both i n d i v i d u a l  and s o c i a l i z e d  a g r i c u l t u r e ,  u s i n g  
s m a l l e r  and more comparable u n i t s  (communes o r  v i l l a g e s  f o r  
i n d i v i d u a l  fa rming ,  e n t e r p r i s e s  o r  p a r t i c u l a r  farms f o r  so-  
c i a l i z e d  f a rming) ,  
The d a t a  ought  t o  be c a l c u l a t e d  e i t h e r  as ave rages  f o r  
s e v e r a l  y e a r s  u r  c o o p i l e d  f o r  one y e a r  prove2 t o  be a  t y p i c a l  
f o r  t h e  mul t i -year  t r e n d  o f  a g r i c u l t u r a l  development, To 
s e r v e  b e s t  t h e  purpose i t  should be based on modern q u a n t i t a t i v e  
methods i n  bo th  a n a l y t i c  and s y n t h e t i c  p a r t s  of  t h e  s tudy .  
Only on such  d a t a  a proper  model l ing  o f  f u t u r e  d e s i r a b l e  t y p e s  
of a g r i c u l t u r e  could  be p o s s i b l e .  
Such a  s t u d y  t o g e t h e r  w i t h  a  p ro found  a n a l y s i s  o f  
n a t u r a l  c o n d i t i o n s  o f  a g r i c u l t u r e  would be  e s s e n t i a l  f o r  
b o t h  a g e n e r a l  development  p l a n n i n g  o f  t h e  Upper Notec 
r i v e r  Bas in  and f o r  t h e  c a l c u l a t i o n s  o f  t h e  f e a s i b i l i t y  
and economics o f  a g r i c u l t u r a l  development i n  g e n e r a l  and ir- 
r i g a t i o n  problems i n  p a r t i c u l a r .  
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Footnotes  
') A 1 1  t h e  f igures taken from the study by W. Pygdiawica ~ a f e r  
to this par t  of the Upper Note6 ragian that beBmge8 t o  the 
h i s to r i ca l  province of Kujawy /Cuia*_a/. 
Y^ 
*) There a r e  many methods of ident i fy@* &<p''~q&b%natiOnS 
(The d i s c u s s i o n  c f .  ( 2  and 31) ) .  
The method developed by P o l i s h  a g r i c u l t u r a l  geographers  
c o n s i s t s  o f  g rouping  c r o p s  i n t o  t h r e e  main groups  of  similar 
agronomic c h a r a c t e r ,  namely t h e  i n t e n s i v e  c rops  - (mainly  
r o o t  and i n d u s t r i a l  c r o p s ) ,  t h e  e x t r a c t i v e  o r  e x a c t i n g  c rops  - 
(mainly c e r e a l s ) ,  and t h e  s t ruc tu re - fo rming  c rops  - (mainly 
legumes). Then by means of  a s u c c e s a i v e  q u o t i e n t s  t echnique  
d i v i d i n g  an  a r e a  covered by each group o f  c r o p s  by 1 ,  2 ,  3 up 
t o  4 o r  6,  acco rd ing  t o  t h e  d e t a i l n e s s  o f  a g iven  s tudy  - 
t h e i r  r e l a t i v e  r a n k s  a r e  e s t a b l i s h e d .  The number o f  q u o t i e n t s  
g r a n t e d  t o  each group i s  t hen  d iv ided  i n  t h e  same way by 
i n d i v i d u a l s  c rops .  The r e s u l t  is presen ted  i n  a kind  of 
formula  o r  a code. 
The same technique  has been a p p l i e d  t o  e s t a b l i s h  t h e  
combinations ( o r  o r i e n t a t i o n s )  o f  l i v e s t o c k  breed ing  as w e l l  
as t o  t h e  i d e n t i f i c a t i o n  of g r o s s  p roduc t ion  o r i e n t a t i o n s  and 
o r i e n t a t i o n s  of commercial p roduc t ion ,  g r a n t i n g  first a de- 
f i n i t e  number of q u o t i e n t s  t o  crop and l i v e s t o c k  p roduc t s  
and then  t o  g iven  c rop  o r  l i v e s t o c k  p roduc t s  (16,  17) e t c .  
The fo l lowing  symbols a r e  used i n  t h e  p r e s e n t  paper:  
I - i n t e n s i v e  c rops ;  E - e x t r a c t i v e  c rops ;  S - s t r u c t u r e -  
forming c rops ;  w - wheat;  r - rye ;  h - ba r l ey ;  p - pota toeg ;  
b  - sugar b e e t s ;  c  - c l o v e r ;  1 - l u c e r n e ;  s - s e r r a d e l l a ;  
V - v e g e t a l ,  c rops ;  A - an imal ,  l i v e s t o c k ;  C - c a t t l e ;  P - 
p i g s ,  pork; S - sheep. 
3)The s t u d y  h a s  been based on t h e  p r i n c i p l e s  and methods o f  
a g r i c u l t u r a l  typo logy  aa  e s t a b l i s h e d  by t h e  Comrnision on 
A g r i c u l t u r a l  Typology of  t h e  I n t e r n a t i o n a l  Geographical  Union 
(18 ,  19) and p a r t l y  a l s o  on t h e  t echn iques  proposed by t h e  
Commision f o r  i d e n t i f i c a t i o n  o f  a g r i c u l t u r a l  types .  
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F i g l ~ r e  1 
~! .ydgouzcz  voivodsh ip :  Gl.aci.tztion s t a g e s  
A f t e r  L. Roszko (40, p. 20) 
1. End moraines  b e l t s  of v a r i o u s  s t a g e s  o f  t h e  Ba 
( ~ ~ r m )  G l a c i a t i o n  
L. I,eszno s t a g e ,  Pz - Poznan s t a g e ,  Pm - Potrer 
s t a g e .  
2 .  Su t , s tages  
Ku - C d a v i a n  s u b s t a g e ,  K r  - Krajna s u b s t a g e  
3 .  Sma? l e r  r e c e s s i o n  b e l t s  
4. butwash p l a i n s  ( s a n d e r s )  
k .  I c e  marg ina l  ( p r a d o l i n a s )  v a ~ i e y s  and v a l l e y s ,  
l t i c  
manian 
F i g u r e  2 
Bydgoszcz v o i v o d s h i p ,  E r o s i o n  p r o c e s s e s  
A f t e r  L. Roszko ( 4 0 ,  p. 22) 
A .  Areas t h r e a t e n e d  by w a t e r  e r o s i o n  
1. None o r  n e g l i g i b l e  ( p l a i n s ) ,  2. low, 3.  modera te ,  
4. s t r o n g ,  5. i n t e n s i v e  ( h e i g h t s ,  e sca rpments )  
F. Areas t h r e a t e n e d  by e o l i a n  e r o s i o n  ( s a n d  dunes)  
F i g u r e  3 
C u i a v i a n  - Pomeranian a n t i c l i n o r i u m  
A f t e r  R. Galon (40 ,  p. 11)  
G e o l o g i c a l  map w i t h o u t  t e r t i a r y  and q u a t e r n a r y  d e p o s i t s .  
1 .  Upper C r e t a c e o u s ,  2. Lower C r e t a c e o u s ,  3 .  Upper J u r a s s i c ,  
S/ 4. Middle J u r y i c ,  5. Lower J u r a s s i c ,  6. T r i a s s i c ,  7. P e r -  
mian d e p o s i t s .  
Figure 4 
Poland.  Mean a n n u a l  r a i n f a l l  a f t e r  J, Lambor (25 ,  p, 52) ,  
Cuiavia.  S o i l s  
A f t e r  W. Tyszkiewdcz / 3 8 ,  p. 400/ based on IUNG 
Broen f o r e s t  s o i l s  developed from boulder  c l a y  and from sand:: 
on c l r y  oyC on loam: 1- l igh t ,  medium or heavy s o i l s  as w e l l  as 
developed from s i l t s  deposi ted  by water .  Podeolic  s o i l s  developed 
from sands: 2- l o o s e ,  3- w i t h  c l a y  con ten t  and c l ayey ,  complex 
w i t h  c l a y  c o n t e ~ t  and clayey s o i l s .  S o i l s  developed from boulder  
c l a y  and  fro^ sands on c l a y  and on loam: 4- l i g h t  and medium, 
5- heavy, 6- developed from sil ts depos i ted  by water ,  Black 
e a r t h s :  7- developed from sands / l i g h t / ,  8- developed from c l a y s  
and loams of  var ious  o r i g i n .  Msshy s o i l s :  9- slime-bog s o i l s ,  
pea ty  s o i l s  developed from p e z t s  o f  low v a l l e j  bogs, mush s o i l s .  
A l l u v i a l  s o i l s :  10- sandy a l l u v i a l  s o i l s  and r i v e r  sands,  l i g h t ,  
medium and heavy a l l u v i a l  80i l8 ,  
Figure 6 
C u i a v i a .  S o c i a l i z e d  f a r m i n g  
A f t e r  W, Tyszkiewicz  (37 ,  p .  32) 
I S t a t e  farrns,II C o l l e c t i v e  farms as a p e r c e n t a g e  of  a g r i -  
c u l t u r a l  l a n d  l k  do n a t  o c c u r ;  2. u p  t o  3 p e r  c e n t ;  3. 3-64 
4 - 6-10; 5. 10-15; 6. 15 ,20 ;  7. 20 and o v e r .  
Figure 7 , 
Cuiavia.  I n d i v i d u a l  ho ld ings  
A f t e r  ',V. Tyszkiewicz (37, p. 38) 
Holdings over 10 h e c t a r e s  as a percentage of l and  under 
i n d i v i d u a l  farming. 
F i g u r e  8 
Cuiavia. Ind iv idua l  hold ings  
Af te r  W, !Pyszkiewicz (37,  p, 37) 
Holdings between 5 -7 'hec ta res  as a percentage of land under 
i nd iv idua l  farming, 

F i g u r e  10  
C u i a v i a .  Crop c o m b i n a t i o n s  i n  i n d i v i d u a l  f a r m i n g  
A f t e r  W, Tyszk iewicz  ( 3 8 ,  p. 412) 
1  - r y e  w i t h  p o t a t o e s  and f o d d e r  c r o p s ,  2 - r y e  w i t h  p o t a t o e s ,  
3 - r y e - b a r l e y  w i t h  p o t a t o e s ,  4  - r y e  w i t h  p o t a t o e s  and 
s u g a r  b e e t ,  5 - r y e  w i t h  p o t a t o e s  and a s h a r e  o f  c l o v e r  
o r  c l o v e r  and s e r a d e l l a ,  6 - r y e  w i t h  p o t a t o e s  and s u g a r  
b e e t  and a s h a r e  of c l o v e r ,  7 - b a r l e y  w i t h  p o t a t o e s  and 
a s h a r e  o f  c l o v e r ,  8 - r y e - p o t a t o ,  9 - r y e - b a r l e y - p o t a t o ,  
10 - r y e - b a r l e y  o r  rye-wheat -pota to-sugar  b e e t ,  11 - p o t a t o  
w i t h  r y e  and b a r l e y  and a s h a r e  o f  f o d d e r  c r o p s  ( l u c e r n e ,  
c l o v e r  o r  s e r r a d e l l a ) .  

F i g u r e  1 2  
Cuiavin. Crop combinations i n  s o c i a l i z e d  farming. 
After W. Tyozkiewicz (38, p. 413). 
1 - s t a t e  farm, 2 - c o l l e c t i v e  farm, 3  - c lover  with wheat 
and bar ley ,  4 - wheat wi th  a  ohare of c l o v e r  and mixed fod- 
de r  crope,  5 - luce rne  with wheat and bar ley and ri share  of 
sugar  bee t ,  6 - rye  wi th  fodder  c rops  and a  share  of po ta toes ,  
7 - rye  wi th  c l o v e r  and luce rne  and a share  of s u g a r  beet  
and po ta toes ,  8 - rye-barley with  mixed fodder  crops  and 
n  s h ~ r e  of eugar bee t  and po ta toes ,  9 - wheat-rye wi th  
c lover  and luce rne  and a  share  of sugar  boet and maize, 
10 - wheat-barley o r  wheat wi th  c lover  and luce rne  and 
a  share  sugar  beet  and po ta toes ,  11 - rye  with a  flhare of 
po ta toes  and f i e l d  pea,  12 - barley-rye wi th  a  sha re  of 
eugar beet and f i e l d  pea, 13 - wheat-barley-sugar beet-  
rape seed fodder ,  14 - oats-wheat-sugar beet-potato-clover ,  
w i t h ,  
15 - r y e  wi th  po ta toes  and sugar  beet  andr/fodder crope,  
16 - barley-rye o r  wheat-rye with potatoos  o r  po ta toes  
and sugar  beet  and a  s h a r e  of c l o v e r  o r  luce rne ,  17 - 
w h e a t - b ~ r l e y  o r  wheat wi th  eugar  beet  and po ta toes  and 
a  s h a r e  of c l o v e r ,  18 - wheat with sugar  bee t  and maize, 
19 - rye-wheat-potnto-sugar bee t ,  20 - rye-whrat-sugar 
bret -vegetable ,  21 - wheat-potato, 22 - wheat-flax. 
F i g u r e  1 3  
C u i a v i a .  L i v e s t o c k  b r e e d i n g  
A f t e r  W. Tyszk iewicz  (38, p. 410) 
D e n s i t y  o f  t o t a l  a n i m a l  p o p u l a t i o n  i n  l a r g e  animal  u n i t s  p e r  
100 h e c t a r e s  of a g r i c u l t u r a l  l a n d .  
F i g u r e  1 4  
Bydgoszcz and Torufi Agglomerat ion ,  ~ g r i c u l t u r a l  t y p e s  and 
r e g i o n s ,  
A f t e r  J. Falkowsk i  (9)  
1 - t h e  boundary o f  t h e  a g g l o m e r a t i o n ,  2 - d i v i s i o n  l i n e s  
between t h e  s e p e r a t e  t y 2 e s  o f  a g r i c u l t u r e ,  3 - r o a d s ,  
4 - r a i l - w a y  l i n e s ,  5 - r i v e r s ,  6 - t h e  a r e a s  o f  t h e  
b u i l t - u p  a r e a  i n  Bydgoszcz,  InowrocZaw and Torwi,  and 
o t h e r  towns,  7 - f o r e s t s ,  8 - s t a t e  farms, 9 - c o l l e c t i v e  
farms. 
E x p l a n a t i o n s  s e e  t h e  t e x t .  
PROBLJ3MS of WATER FUISOURCES 
i n  t h e  UPPER NOTEC AGRICULTURAL REGION 
Cz. Somorowski 
Di rec to r ,  I n s t i t u t e  of Agr icu l tu ra l  
Hydrology and Grassland Economy 
1. In t roduct ion  
------------ 
The pi lot-prototype system unifying water resources and 
more general  economic aspec t s  of an a g r i c u l t u r a l  region will be 
loca ted  i n  the Upper Note6 r i v e r  watershed, where by Upper Note6 
t h i s  port ion of the  r i v e r  i s  understood which begins with sources 
and ends with the Bydgoszcz Channel. The a r e a  of the  watershed 
thus  understood i s  approximately 4000 sq h. This a r e a  has keen 
increased up t o  about 6000 sq lan by inc lus ion  of most of these 
adminis t ra t ive  u n i t s  which a re  p a r t l y  covered by the  watershed, 
Administrat ively the region belongs t o  th ree  voivodships: 
Bydgoszcz /68$ of t h e  area/ ,  Konin /20$/ and WZocZawek / I  2$/. 
Main types of land use are:  a rab le  land /74$/, i nc lud ing  grass- 
l ands  /g%/, f o r e s t s  /16%/, in land waters /3%/ and o t h e r s  - s e t t l e -  
ments, roads e t c .  /8$/. 
Main agglomerations i n  the  region a r e  InowrocZaw, Anin, 
Mogilno, NaMo, Szubin, Barcin,  Kruszwica, S t rze lno ,  Trzemesno 
and Janikowo /see B.ap 2 i n  the  ~ n t r o d u c t i o n / ,  but they do no t  
c o n s t i t u t e  any e s s e n t i a l  f a c t o r  i n  shaping of the  r eg iona l  p r o f i l e .  
Chemical, cons t ruc t ion  mate r i a l s ,  machine and food processing a r e  
the  leading  i n d u s t r i e s  of the region. These i n d u s t r i e s  a r e  centred 
i n  InowrocZaw, Janikowo, Kruszwica, Barcin,  Nakko and Trzemeszno. 
The genera l  objec t ive  i n  implementation of the  p i l o t  w a t e ~  
-resource-and-economic system i s  t o  c r e a t e  within t h e  framework 
of n a t u r a l  and socio-economic condi t ions  adequate possibilities 
f o r  i n t e g r a t e d  development of the  region, and espec ia l ly  of the  
regional  a g r i c u l t u r e  . 
The a r e a  t o  be covered b ~ ?  t h e  p i l o t  system i s  charac ter ized  by: 
- r e l a t i v e l y  high water  needs i n  crop production, r e s u l t i n g  
from meagre p r e c i p i t a t i o n ,  
- r e l a t i v e l y  high l e v e l  of a g r i c u l t u r a l  knowledge and 
c u l t i v a t i o n  techniques,  
- important p o s s i b i l i t i e s  of providing disposable  resources 
wi th in  the  same watershed by s torage  of water, 
The water resource f a c t o r ,  considered from the  viewpoint of 
comprehensive s a t i s f a c t i o n  of needs and demands expressed by various 
u s e r s  w i l l  t he re fo re  play an e s s e n t i a l  r o l e  i n  the  planned sys ten ' s  
development, 
2. Location, morphology, s o i l s  
The Upper Note6 watershed i s  loca ted  i n  e a s t e r n  pa r t  of the  
Greater Poland - Cuiavian Lowland, comprising p a r t l y  such subregions 
of the  Lowland as Gniezno and Cuiavia Lake d i s t r i c t s .  
Geornorphologically t h e  watershed t e r r i t o r y  l i e s  wi th in  the  a r e a  of 
end-moraine h i l l s  formed i n  the  last g l a c i a t i o n  s tage  / the  southern 
border/ and the  lowlands of ground moraines / r o l l i n g  on t h e  west 
and f l a t  on the  east / .  
The landscape of t h e  watershed, shaped by consecutive g lac ia-  
t i o n  s t a g e s  has  as i ts  c h a r a c t e r i s t i c  f e a t u r e  numerous, e s p e c i a l l y  
g u l l y  o r  finger-form l a k e s ,  of the north-south o r i e n t a t i o n  resul-  
t i n g  from d i r e c t i o n s  of t h e  g l a c i e r ' s  movement and of t h e  subsequent 
water outflow. These l a k e s  form t y p i c a l  chain-like groupings / ~ o p ~ o  
lake c l u s t e r ,  Pako66 c l u s t e r ,  Anin c l u s t e r  etc./. 
Water d iv ide  between r i v e r s  Warta and Note6 i s  not  very 
d i s t i n c t l y  defined i n  t h i s  a r e a ,  t h e r e  a r e  seve ra l  c u t s  i n  i t  and 
i n  one of these  c u t s  t h e  Warta-GopZo channel i s  located.  
Under the  pos t -g lac ia t ion  sediments /not very deeply - 50 m 
o r  sporadica l ly  deeper/ t h e r e  i s  the  o lde r  base formed of so c a l l e d  
Eoznafi loans ,  being the  lake  sediments of the  pliocene period. 
From the north-west t o  the south-east of the watershed the  
Cuiavian-Pomeranian r idge  s t r e t c h e s  which, however, does no t  come 
up on the surface.  This a n t i c l i n o r i a n  r idge  i s  formed of cretaceous,  
ju rass i c  and even t r i a s s i c  and permian rocks.  It has an economic 
importance because of presence of e x t r a c t i b l e  permian salts. The 
salts have been pushed upwards t o  form g i g a n t i c  c o l m s / d i a p i r s /  
covered wi th  gypsum. The l a t t e r  c o n s t i t u t e s  a l s o  an ob jec t  of 
mining a c t i v i t i e s .  
The Greater Poland-Cuiavian lowland i s  the region of the 
o ldes t  i n  Poland t r a d i t i o n  of r a t i o n a l  a g r i c u l t u r a l  economy. Areas 
of good s o i l s  located h igher ,  t o  a l a r g e  extent  drained, and the 
small por t ion  of worse s o i l s  c rea te  advantageous condi t ions  f o r  
development of a g r i c u l t u r a l  producticn. Valley areas ,  loca ted  lower, 
were s u b ~ e c t  t o  i n t e n s i v e  drainage a c t i v i t i e s  which made a rab le  
a d d i t i o n a l  land,  but a l s o  inf luenad the hydrological  r e l a t i o n s .  This  
e spec ia l ly  concerns works connected with c r e a t i o n  of t h e  Bydgoszcz 
Channel and drainage a c t i v i t i e s  around the  GopZo lake.  
Lore d e t a i l e d  d a t a  on s o i l s  of the  Upper Note6 region a r e  
presented i n  the t a b l e  below: 
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I I I 
I 
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I I 
4 1 
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I I I 
I 
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1 8,9,10 I I F I I 1 var iab ly  granula- ; 7 
I I I ted I 
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Pseudo-podzolic and brown f o r e s t  s o i l s  /.AB/ occupy approx. 
74% of the  su r face ,  brown s o i l s  /B/ - I $ ,  black e a r t h s  ID/ - 18% 
and f i n a l l y  a l l u v i a l  s o i l s  and o t h e r s  - approx. 7%. 
The average index of s o i l  q u a l i t y  f o r  a r a b l e  h a d  i: the  
region  i s  1.79. 
Kore d e t a i l e d  s t r u c t u r e  of land use i n  the  regkon is 
presented i n  the ta%l.e below : 
_.-- - - I - - I - - I - - I . - - _ _ - I - - - - I - . - - - - . - - - - - .  .-"---.--...-I--- 
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I I I Area I p----------------------- 
Eo. Type of use 
I I I r-----------j----------- hectares  ' % F-----i---------------------------- 
I I I I I. f Agr icu l tu ra l  use 1 4 5 5 6 0 0  1 73,T 
1 I I I I I i .  1 Xra.ble land ( 393072 1 67,s 
I 1 I 1 12. Orchards 6 3 5 1  I I 
I I I 1 I 
190 
13. Meadows 3 7 8 5 7  I 1 
I I 
691 
1 
14. Pastures  1 18 140 ! 1 2,9 i I I I 
11. F o r e s t s  I I 9 7 6 4 4  1 1 5 , B  
I I 1 1 
111. Waters I 1 1 5 7 0 9  1 
I 
I 
I 
297 
I I 
1 IV. Other I 1 I 49 494 1 I 8 , 0 
I,,,,-,L------,-..--------,,---------&-----------~----------- 
I 
I T o t a l  I 
I I 1 6 1 9 4 4 7  1 I 100,O 
I-----,,------------------------------------------------- 
3. Climatic  condi t ions  
------------------- 
P r e c i p i t a t i o n ,  def in ing  t h e  inpu t  s ide  of l ~ y d r o l o g i c a l  
balance,  i s  the h ighly  d i sc r imina t ing  c h a r a c t e r i s t i c  for the  region 
i n  r e l a t i o n  t o  the whole of Poland. Annual and seasonal  /smer- 
winter/  p r e c i p i t a t i o n  volumes a r e  the lowest here ,  the annual sum 
i s  below 500 mm, and f o r  the period 1951-1975 the hydrological  
s t a t i o n  i n  Pakob6 has  e s t ab l i shed  t h e  l e v e l  of only 414 m, 
P r e c i p i t a t i o n  i n  the  region i s  a l s o  the lowest when compared t o  
neighbouring a r e a s  of the  Great European Lowland, C h a r a c t e r i s t i c a l l y  
I 
the  sumner p r e c i p i t a t i o n  c o n s t i t u t e s  an important por t ion  of the  
annual p r e c i p i t a t i o n  volume /about 0,65/. Consequently, t h e r e  i s  
a c l e a r  d e f i c i t  of water i n  growing season. This r e s u l t s  no t  only 
from higher  evaporation of water during summer when more prec ip i ta -  
t i o n  occurs and from meagre amounts of water l e f t  by winter  snows 
by and l a r g e  i n s u f f i c i e n t  f o r  summer period needs, but a l s o  from 
the  temporal p r e c i p i t a t i o n  d i s t r i b u t i o n  - only 150 days wi th  
p r e c i p i t a t i o n  over 0.1 mm. These observat ions gave r i s e  t o  hypothe- 
s e s  of " s t epp iza t ionn  of the  a r e a  considered, which, however, have 
eventual ly  n o t  found conclusive pos i t ive  evidence. It should be 
emphasized t h a t  s i m u l t a n e o u s l ~  with i ts  low l e v e l  the  p r e c i p i t a t i o n  
of the  region i s  charac ter ized  by i t s  g r e a t  v a r i a b i l i t y  on per  
annum b a s i s  - from 65% t o  130% of the  average f o r  extremal cases. 
I n  conjunction with o t h e r  condi t ions  / temperature,  s o i l s  e t c  ./ 
t h i s  l e a d s  t o  i n s t a b i l i t y  of hydrological  balance,  so  t h a t  no t  
only atmospheric and s o i l  droughts occur, but  a l s o ,  sporad ica l ly  
a surp lus  of water may temporarily e x i s t  i n  the  system. 
The average annual a i r  temperature i n  t h e  region i s  s l i g h t l y  
below 8 degrees cent igrade.  The amplitude of monthly averages i n  
Inowroc2aw has  f o r  195 1-1 975 period been 20.8 degrees cent igrade  
and the  absolu te  maximum amplitude f o r  Bydgoszcz w a s  67.8 degrees. 
Average annual a i r  moisture def ic iency f o r  IriowrocZaw i s  
3.3 hPa and f o r  growing season / ~ ~ r i l  - ~ep tember /  - 5.3 hPa. 
P r e c i p i t a t i o n  and tenpera ture  condi t ions  shape the evapora- 
t i o n  capaci ty  of the  atmosphere which, charac ter ized  by e.g. not ion  
of p o t e n t i a l  evaporation can serve t o  de f ine  the  i r r i g a t i o n  needs. 
According t o  c l a s s i f i c a t i o n  a c t u a l l y  i n  f o r c e  the  Upper Noted 
region belongs t o  the  1 s t  range of a r e a s  with i r r i g a t i o n  needs. 
4. Ilydrological condi t ions  
....................... 
The bas ic  streams i n  t h e  water system of Upper Note6 r i v e r  
a r e  Eastern Noted, Yestern Noted and Gasawka /see Map 2 i n  t h e  
~nt roduc t ion / .  A l l  these streams flow out of lakes i n  the south 
of the  region towards north and then connect a l s o  a number of 
subsequent lakes. Eastern Note6 i n  i t s  upper stream within the 
a rea  of GopZo Lakes gul ly  joins the Warta-Goplo channel. Below 
Kruszwica the Bachorze channel joins GopZo lake,  cons t i tu t ing  
probably an outflow f o r  some port ion of Gopko waters t o  Vistula. 
In  the v i c in i ty  of Pako66 Eastern Noted joins Western Noted and 
at  t h i s  point the watershed covers 2187 sq. km,  Further on below 
Zabiszyn the Upper-note6 channel begins which then goes along the 
Vistula..Odra water divide and supplies  with water the  highest point 
of Bydgoszcz Channel. A n  important confluent fu r the r  downstream 
i s  Gqsawka with 552 sq. hms of watershed. Noted en t e r s  then the 
Tor&-Eberswalde va l ley  /"pradolinafl/ and joins the Bydgoszcz 
Channel. This channel, connecting Vis tula  with Odra, has been 
constructed i n  1772-1774 and a f t e r  s reconstruct ion i n  1905-1915 
cons t i t u t e s  a waterway f o r  barges up t o  500 tons. 
I n  the Upper 17ote6 water system the lakes  a r e  the second 
important landscape and economic element. Altogether 253 lakes 
/of surface above 1 hectare/ a re  located i n  the region covering 
the overal l  surface of 115 sq km,  i .e ,  approx. 3,2$ of the watershed. 
Density of lakes  i s  r e l a t i v e l y  high, with lakes above 1 sq. km 
summing up t o  more than 70% of t h e i r  overa l l  surface. The lakes  
a re  exclusively of post-glaciation o r ig in  and f o r  the  most par t  
a r e  gul ly  or  finger-form, This c rea tes  advantageous conditions 
f o r  damming them up f o r  surface water retention.  
Specif ic  low prec ip i ta t ion  of the region shapes un i t  runoffs 
of medium waters at  the l eve l  of about 2 l i t r e s  /set.-sq.km, and 
of mediwn-low waters a t  the  l e v e l  of about 0.2 l i t r e s  /sec..sq.h. 
With the runoff-to-precipitation r a t e  OL = 0.13 these runoffs are  
the lowest observed f o r  the broader geographical region t o  which 
the  Upper Note6 watershed belongs. Independnntly of the f a c t  t h a t  
the re  a re  s m a l l  amounts of water i n  the streams t h e i r  d i sposab i l i ty  
i s  a l s o  constrained by pol lu t ion of r i ve r s ,  channels and lakes - 
mainly of i n d u s t r i a l  or ig in .  
Ground waters ,  because of s p e c i f i c  geologica l  condi t ions,  
occur on varions depths.  Vi th in  the quaternary formations the re  
a r e  c e r t a i n  r e s e r v o i r s  of medium volume i n  the I z b i c a  trough and 
i n  Cuiavian Lowland, which can be u t i l i z e d  as potable  and f o r  
i n d u s t r i a l  purposes a f t e r  i n i t i a l  processing. L o c a l l s  i n  the v i c i n i -  
t i e s  of InowrocZaw and Szubin i n  the  quaternary formations s a l i n e  
waters  can be found. 
5. Drainage and i r r i g a t i o n  i n s  t a l l a t i o n s  
------------------------------------- 
The Noted watershed region has f o r  a long time been subjec t  
t o  a c t i v i t i e s  aiming a t  improvement of water conditions.  8.ome e a r l y  
works were or iented  at  ensuring appropr ia te  naviga t ion  condi t ions  
and they l ed  t o  lowering of the GopZo lake  l e v e l  and t o  reshapements 
i n  the Note6 v a l l e y  a f t e r  i t s  cana l i za t ion  and a f t e r  cons t ruc t ion  
of the  Bydgoszcz Channel. 3 e s i d e s  that,  beginning w i t h  l a t e  
X V I I I t h  century drainage a c t i v i t i e s  were conducted i n  marshy 
a.reas u l t imate ly  r e s u l t i n g  i n  important a d d i t i o n s  t o  a r a b l e  land 
on the  one hand, and i n  changes of the s o i l  condi t ions  observable 
up t i l l  now, on the  o the r  hand. Simultaneously, beginning with the  
middle of X I X t h  century,  e s p e c i a l l y  i n  a r e a s  under Prussian admi- 
n i s t r a t i o n ,  l a r g e  por t ions  of a l ready a rab le  land were sub jec t  t o  
drainage. From about the  same period d a t e s  the  ~abiszyn-Note6 Water 
Association, l o c a l  organiza t ional  form grouping u s e r s  of the drained 
f i e l d s .  
One of the goa l s  i n  the design of the  p i l o t  system i s  c r e a t i o n  
of the water-neli  o r a t i o n  subsystem ensuring optimal shaping of 
hydrological  condi t ions  i n  drained o r  i r r i g a t e d  a r e a s ,  and centra- 
l i z e d  con t ro l  of water resources - both i n  t h e i r  quan t i ty  and 
q u a l i t ?  - s o  t h a t  they can be optimally u t i l i z e d  by al l  use r s  
/ a g r i c u l  ture-and-f ood-processing s e c t o r ,  i ndus t ry ,  urban and r u r a l  
s e r v i c e s ,  navigation/,  with due account t o  environmental f e a t u r e s  
of the area.  O p t i q l  shaping of hydrological  condi t ions  i n  a r e a s  
considered would oons i s t  i n  successive removal of water surplus  
o r  d e f i c i t  b a r r i e r s  t o  deployment of production capac i t i e s :  
- countermeasures f o r  pe r iod ica l  o r  constant water sur- 
pluses i n  t he  s o i l ,  
- countermeasures f o r  pe r iod ica l  water d e f i c i t s  i n  drought 
periods.  
I n  the  f i rs t  case the - dra.inage - a c t i v i t i e s  nus t  concern a l l  
a reae  i n  the  region requ i r ing  t h i s  type of in te rven t ion .  A s  t o  
the  second case the  a c t i v i t i e s  would have a l imi ted  scope, 
consecut ively covering needs of predefined land por t ions  and of 
o the r  e n t i t i e s ,  qua l i f i ed  a s  l i a b l e  t o  i r r i g a t i o n .  
According t o  a survey of water i n s t a l l a t i o n s  on the a r ea  of 
the  p i l o t  system the r e  i s  a need f o r  ensuring adequate con t ro l  over 
a t  l a s t  44% of the  bas ic  water stream network of t o t a l  length  of 
867 km. A s  f a r  a s  the  a rab le  l m d  drainage i s  concerned more than 
35% of ex i s t i ng  i n s t a l l a t i o n s  r equ i r e s  recons t ruc t ion  and moder- 
n i za t i on ,  and f o r  the  grass lands  the  analogous number i s  20%. 
This s i t u a t i o n  c e r t a i n l y  inc reases  the  volume of necessary inves t -  
ments. 
I n i t i a l  es t imat ion  of needs i n  i r r i g a t i o n  and drainage works 
/ including recons t ruc t ion  and modernizatiori/ has y ie lded following 
r e s u l t s :  
- f o r  a rab le  land : approx. 1500 s q . h  
inc luding ra in-  type i r r i g a -  
t i o n  : approx, 1200 sq.km 
- f o r  grass lands  : 
inc luding peat  land 
reclamation : 
approx. 400 s q . h  
approx. 150 s q . h  
- eros ion  prevention approx. 7 sq.km 
Importantly broad i r r i g a t i o n  program coupled wi th  necess i ty  
of s a t i s f y i n g  water  demands of non-agr icul tura l  u se r s  sum up t o  
requirement of providing sibmificant water volumes, ivklich cannot 
be taken out of na tura l  streams i n  current  s i tua t ion .  It has been 
concluded i n  i n i t i a l  assessments, taking i n t o  account ecological ,  
technical  and economic c r i t e r i a ,  tha t  approximately 200-250.10 6 
cubic meters of water can be stored i n  a r t i f i c i a l  and lake 
reservoirs .  Thus, f o r  complete coverage of the water d e f i c i t  of 
6 
about 350.10 cubic m i t  i s  necessary t o  t r a n s f e r  addi t ional ly  
6 from Vistula or  Warta about 90.10 cu m of water per annum. 
It i s  imperative t h a t  the optimization of water resource 
system and i t s  management, involving shaping of hydrological s o i l  
conditions through irr igat ion-drainage a c t i v i t i e s ,  with inclusion 
of large  land area  i r r i g a t i o n s  covering 30-40s of arable land,  be 
coupled with adequate measures aiming at synergy of f a c t o r s  stimu- 
l a t i n g  ag r i cu l tu ra l  and more generally socio-economic development 
i n  the region. 
MIGRATIONS IN THE UPPER NOTEC BASIN 
Kazimierz Dziewonski 
and 
Piotr Korcelli 
INTRODUCTION 
-- 
The paper deals with population structure and migrations 
in the Upper Notec Basin. Purposely, it avoids the use of 
the term "region". Although historically the area formed a 
separate region--some consider it to be the cradle of the whole 
Polish State--practically all major urban centers which devel- 
oped later (from the 14th century onward) are located either 
on its periphery or completely outside. The only exception 
is Inowroclaw, an industrial city (in 1977 of 62.3 thousand 
inhabitants), smaller than the neighboring Bydgoszcz (339.2), 
Torun (164.1) and Wloclawek (95.0) which in addition are all 
seats of regional governments (Voivodships). In the South 
the adjacent cities are smaller: Konin (60.2) and Gniezno 
(59.2). The nearest largest cities such as Lodz (818.4), 
Poznan (534.4) and the three cit?es of the Gdansk Bay (with 
combined population of 738.1) are too distant to have a 
greater impact on the population structure and migrations in 
the area. However, some influence of Poznan may be discerned 
in the most southerly communes, due to the vicinity of the 
main transportation lines connecting Poznan with Warsaw. As 
a result, if the concept of daily urban systems is taken as 
the basis of present day regionalization, the whole area may 
be divided between several such systems with a large part of 
these located outside the area. 
From 181 5 (Congress of Vienna) till 191 8, the area was 
cut into two parts between Prussia and the Tzarist Russia. 
This division has left some, still existing, differences 
mainly in the technical equipment and services, but also in 
the field of regional and local economies, as well as in social 
habits and behavior. The survival of this division till the 
present may be explained at least partly by the fact that 
devastations of the two world wars in the area have not been 
very great when compared to other regions. 
The latest changes in structures are connected with 
the growth in dominance of Bydgoszcz in the North, and of a 
new industrial and administrative center of Konin in the South. 
On the whole, the area is characterized by intensive 
(for Polish conditions) agriculture, fairly strong industriali- 
zation and, when considered together with the adjacent cities, 
a balanced but advanced urbanization. 
POPULATION STRUCTURES 
Table 1 presents basic population data for the area in 
comparison to Polish averages and the data for three Voivod- 
ships in which the Upper Notec Basin is included. 
All these data are a little higher than the national 
averages which may be explained by the fact that the whole 
area is well developed both in agriculture and in industry 
but at the same time it is located far from the most industria- 
lized core of the country and fairly far from large urban 
agglomerations, Bydgoszcz being the only exception. Neither 
does it possess large population surpluses nor is it under- 
populated. The net outflow of migrants is so far within the 
limits of its not very high manpower reserves and it is only 
slightly higher than the size of natural increase in the rural 
areas. It is significant that the net resnlt of the rural 
to rural movements is almost nil but at the same time the 
figure for the rural to urban movements is a liktle higher 
t.han the annual natural increase of rural population. 
The Voivodship of Bydgoszcz (to which the major part of 
the area belongs) is characterized by high general mobility 
of population, although the net result at the interregional 
level is low. It is comparatively closed so far as migrations 
are concerned. Its outflow from rural areas is comparatively 
high, its influx into urban areas also high, although lower 
in intensity than the outflow from rural areas. 
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MIGRATION FLOWS* 
The Upper Notec Basin has been characterized over the past years 
by a negative migration balance which may be attributed to its 
predominantly rural structure. The size of net outmigration, 
however, has been small amounting to approximately 0.5% of 
total population per year, as compared to the natural increase 
of 1.1%. For example, in 1974 of the total of 19,150 inoves, 
8,055 were to destinations outside the Basin, 5,202 originated 
at places located outside the area, while the remainder, i.e. 
5,893 moves were contained within the area. When these figures 
are decomposed into their rural and urban components, it turns 
out that urban places within the Basin experienced a net loss 
of 789 migrants with respect to urban places located outside 
the Basin, and that the corresponding figure for rural areas 
was a negligible net gain of 13 persons. When accounting for 
rural-urban and urban-rural flows, however, urban places within 
the Basin show a net gain of 1,289 migrants, and the rural 
areas a loss of 4,142 migrants. In fact all the rural communes, 
as well as one third of urban places within the area have 
experienced net migration loss (but not a great loss in the 
number of inhabitants) over the past several years. 
The above figures indicate a relatively low closure of 
the Upper Notec Basin in terms of migration flows, the share of 
intra-Basin moves among all moves, amounting to 0.31. (Even 
for rural areas, this proportion was not much above 0.5). In 
view of the prevalence of short- and intermediate-distance 
moves for the country as a whole, such proportions might seem 
very low indeed, unless it is recognized that large parts of 
the Basin are contained within migration fields of the cities of 
Bydgoszcz and Torun, and to a lesser extent, within the fields of 
of more distant provincial capitals, in particular of Poznan 
and Gdansk. Also, on a local scale, the southeastern, southern 
and southwestern sections of the Basin lie within migration 
fields of Wloclawek, Konin and Gniezno, which are middle-size 
cities situated just across the Basin's boundary. The only 
focal point for migration, of comparable size, within the Basin 
* This section is based on a paper by A. Zurkowa: The Pattern 
of ~igrations in the Upper Notec Basin, 1974-1976, to be 
published in Czasopismo Geograficzne. 
is the city of Inowroclaw, which itself sends a substantial 
number of migrants to both Bydgoszcx and Torun. Another 
feature of intra-Basin flows is that small urban places 
receive the bulk of their in-mlgrants from the immediate 
hinterland with an exception of specialized industrial 
centers whose contacts are less adversely influenced by 
distance. 
A more detailed picture of migration flows is revealed 
by disaggregating all moves into four conventional categories, 
i.e. rural-urban, urban-rural, urban-urban, and rural-rural. 
Their corresponding shares in 1974 were: 41, 17, 7, and 35% 
respectively. In the first group, two-fifths of all destina- 
tions were contained within the Basin, but if moves to urban 
places of the surrounding Voivodships are added, this 
percentage increases to over 80. Most of what remains is 
accounted for by more distant destinations, such as the urban 
agglomerations of Gdansk and Szczecin, as well as the Upper 
Silesian Conurbation, whose migration field is nation-wide. 
Out of the total of 34,146 possible links between urban 
places located within the Basin (21 units) and all other urban 
places in the country (the total of 814 units) there were 1,005 
actual migration flows in 1974, but nearly 90% of those involved 
five persons or less: Out of the remaining flows 26 were 
contained within the Basin (most of them focussed on the city 
of Inowroclaw), while 82 went to urban centers external to 
the Upper Notec Basin, in particular to Bydgoszcz. It may 
be noted that cities of 40,000 population and over, received 
over 95% of major migration streams. 
Rural-to-rural migration, both within the Basin, and 
across its boundaries, are generally of a short-distance range. 
They do not seem to focus on particular areas (even such as 
outer zones of the cities of Bydgoszcz and Torun) but show a 
roughly uniform intensity over space. Urban-to-rural flows, 
while negligible in numbers, also take place over short 
distance. Over 60% of these moves were contained within the 
Basin. It has been hypothesized that a substantial part of 
such flows represent return migrations. 
In general, the anatomy of migration flows in the Upper 
Notec Basin reveals the following features: 
1) Rural-to-urban moves are the major component of 
migration patterns, accounting for over two-fifths 
of all moves. This is consistent with the predomi- 
nantly rural character of the study area and its 
location within the hinterlands of several large 
and middle-size cities. 
2) If urban places are divided into small, medium-size 
and large, it is found that rural-urban migrations 
are evenly distributed over these three size cate- 
gories. Small towns within the Basin are destina- 
tions for flows originating mostly in the 
surrounding rural communes, but their absorbing 
capacity seems to be limited to streams representing, 
on an annual basis, up to 0.5% of a commune's popu- 
lation. The respective migration fields of bigger 
urban places are considerably larger, but still 
relatively compact. 
3) Urban-to-urban migrations, as compared to the previous 
category, are more elastic with respect to distance. 
Their patterns basically follow urban-size structure 
and the administrative hierarchy. However, individual 
flows may bypass certain hierarchical levels; (for 
example, the small town of Mogilno sends most of its 
migrants directly to Bydgoszcz, rather than to 
nearby Inowroclaw, which in turn generates flows to 
the more distant metropolises of Gdansk and Poznan). 
Also, migration fields of middle-size urban centers do 
not tend to be wholly nested within the respective 
fields of large cities. Specialized industrial centers 
have specific migration patterns, as they attract 
labor from larger zones when compared to other urban 
places of comparable size. These centers also maintain 
linkages with other industrial towns in the same sector. 
The spatial pattern of migratory movements in the area does 
not differ significantly from patterns prevailing in other parts 
of the country. Rural population moves over to small, middle- 
sized and large cities. In scale, these migrations may be 
defined as local, regional and macroregional migrations. 
The latter cannot be defined as national because distance 
plays the decisive role in all of them. Local migrations 
take place within the radii of some 1 0  kilometers, the regional 
ones up to 30 and 50 kilometers, and macroregional migrations 
only rarely are over distances greater than some 1 0 0  or 1 2 0  
kilometers. Small and middle-sized cities pass off their popu- 
lace to the large ones and these migrations are of either regional 
macroregional scale. However, in migrations between large 
cities, distance plays a smaller role than the power of 
their attraction. Perhaps in countries larger than Poland, 
distances may still be important--in Poland such influence in 
the case of the largest cities (so far as urban-to-urban 
migrations are concerned) may be omitted. In addition there 
are some movements (exchange of population) between specific 
sr?aller cities and localities with others of similar industrial 
specialization. 
COMMUTING PATTERNS AND THEIR RELATION TO MIGRATIONS 
Studies on journey-to-work patterns for Poland as a whole 
indicate that the Upper Notec Basin is contained within the 
ftinctional urban regions (or daily urban systems) of BydgoszcZ, 
Torun, and Inowroclaw. A detailed analysis of commuting, 
based on the employment census for 1 9 7 3  reveals a more compli- 
cated pattern of spatial contacts. First, in addition to the 
centers mentioned above, there are several smaller urban 
places which attract considerable numbers of commuters from 
surrounding, as well as more distant, areas. These towns 
form their own commuting sheds which even extend beyond the 
Basin's boundary. Second, the southern, peripheral areas 
send most of their commuting labor force to the cities of 
Wloclawek, Ko~o, Konin and Gniezno, situated outside of the 
study area, as well as--on a smaller scale--to the more 
distant city of Poznan. Third, spatial relations between 
commuting zones of individual centers are of the following 
nature: 
a) the form of commuting sheds of individual urban places tends 
to be non-symmetrical, extending further in the direction 
away from bigger urban centers; 
b) commuting Lones of small. and medium-size urban pl.aces, 
located within the distance range of up to 5 0 - 6 0  kilometers 
from a large city (i.e. of 100 ,000  populat-ion and over) are 
nested within its commuting shed. Thus, one notices 
extensi.ve, and mostly uni-directional journey-.to-work from 
a smaller to a larger city (for example, the city of 
Inowroclaw sends more than 5 0 0  commuters to Bydgoszcz and 
over 2 0 0  commuters to Torun, while receiving negligible 
flows from those centers); 
c) a major part of the work trips to smaller centers originate 
within a belt of rural communes contiguous to these centers. 
Trips originating in a small town tend to bypass an inter- 
vening middle-size center while aiming at places of employ- 
ment in a large city; and 
c) there is relatively little overlap between commuting sheds 
of urban places of cornparable size. 
This latter aspect of commuting patterns has been studied 
extensively by J. Namyslowski for the Bydgoszcz-Torun area. 
According to his findings, the size of core-to-core flows, i.e. 
between the two cities situated some 40 kilometers apart, 
amounted in 1 9 7 3  just over 2 %  of all trips to work within the 
area which involved the crossing of a commune or a city boundary 
and were hence classified as commuting. In addition, both 
Bydgoszcz and Torun have developed largely self-contained and 
territorially exclusive commuting sheds, each extending away 
from the other urban center. Their channels of integration, 
which are undoubtedly going to increase in importance in the near 
future, pass so far mainly through a limited number of smaller 
cities (in particular those of Inowroclaw and Solec), which are 
roughly equidistant to Bydgoszcz and Torun and send a sizeable 
number of commuters to each of these cities. 
Some hypotheses have been proposed, and empirical studies 
carried out (notably by A. Gawryszewski) concerning the 
interrelationships between migration and commuting patterns in 
Poland. The existing evidence suggests that there is a high 
degree of correspondence between the two types of movement over 
space. Pearson's correlation coefficients for three different 
measures of migration and commuting were found significant at 0.1 
confidence level for over 90% of spatial units under investi- 
gation (the study involved 108 former poviats, administrative 
units compared to counties). It was also found that the same 
functions, mostly the power, and a combined power-exponential 
formula, afford a good description of the shape of commuting 
and migration sheds, although, as expected, in the case of 
migration the - b parameter values were significantly lower than 
in the case of commuting. A hypothesis behind the analysis 
was that because of various constraints (mainly related to the 
availability of housing) on the change of residence as a conse- 
quence of a move from "rural-type" to "urban-type" of occupation, 
the commuting, particularly over long distances, serves as a 
substitute to migration and tends to be followed by the change 
of residence once the constraints are relieved. Such a hypothesis 
which is supported by empirical data, apparently differs from 
the established rule according to which commuting serves as a 
substitute to migration within a short-distance range and does 
not generally lead to migration, which essentially involves 
moves over long or intermediate distances. 
In the case of the Upper Not.ec Basin the visual comparison 
of migration and commuting patterns suggests the existence of 
a high degree of correspondence between the two types of rnove- 
ment. In fact, linear correlation coefficient between the size 
of outmigration and outcommuting among 42 spatial administrative 
units for 1973/1974 was a positive and significant (r = 0.79). 
On the other hand, Spearman's rank correlation turned out to 
be 0.56, while when calculated using rates per 1000 population, 
it showed a value of 0.18. This suggests that although general 
patterns of migration and commuting clearly correspond with 
each other over space, there are substantial variations between 
the two patterns when territorial units are disaggregated by 
urban-rural and by population size categories. The similar 
structural features between migration and commuting in the Upper 
Notec Basin include the following: 
a) most of the flows move up the urban-size hierarchy, while 
flows between places (or areas) of comparable size are 
of smaller magnitude; and 
b)  urban r e s i d e n t s  t r a v e l  l o n g e r  d i s t a n c e s  t o  b i g g e r  urban 
p l a c e s ,  w h i l e  d e s t i n a t i o n s  of  t r i p s  and moves o r i g i n a t i n g  
i n  r u r a l  a r e a s  a r e  more even ly  d i s t r i b u t e d  among s m a l l ,  
medium-size, and l a r g e  urban p l a c e s  ( a s  w e l l  a s  r u r a l  
p l a c e s ,  i n  t h e  c a s e  of  m i g r a t i o n s ) .  
These d i f f e r e n c e s  may be  e x p l a i n e d  by t h e  e x i s t i n g  
v a r i a t i o n s  i n  s k i l l s ,  a c c e s s i b i l i t y  t o  i n f o r m a t i o n ,  c h a r a c t e r -  
i s t i cs  of t h e  t r a n s p o r t a t i o n  network,  and t h e  sequence  of  
m i g r a t i o n  s t a g e s .  
PROBLEMS OF FUTURE CHANGES AND P L A N N I N G  
On t h e  b a s i s  of  t h e  p r e c e d i n g  a n a l y s i s  it i s  p o s s i b l e  
t o  s t a t e  t h a t  t h e  p o p u l a t i o n  dynamics i n  t h e  whole Bas in  a r e  
on t h e  whole w e l l  ba lanced .  T h i s  i s  due ,  t h e r e  i s  no d o u b t ,  
t o  t h e  h igh  i n t e n s i t y  of a g r i c u l t u r a l  economy and t o  t h e  
s a t i s f a c t o r y  development o f  i n d u s t r i e s  and u r b a n i z a t i o n  i n  
g e n e r a l .  The q u e s t i o n  a r i s e s  whether  t h i s  k i n d  of  p o p u l a t i o n  
e q u i l i b r i u m  s h a l l  be  s u s t a i n e d  i n  t h e  f u t u r e .  The answer 
l i e s  i n  t h e  r o l e  which i s  t o  b e  p layed  by two f a c t o r s :  
i) t h e  f u t u r e  r o l e  and s i z e  of  t h e  l a r g e s t  a d j a c e n t  c i t i e s  
and ii) f u r t h e r  growth i n  t h e  i n t e n s i t y  of  a g r i c u l t u r a l  
p r o d u c t i o n .  
There  i s  no doub t ,  and t h e  N a t i o n a l  P l a n  o f  t h e  
P h y s i c a l  Development till 1990 p r o v i d e s ,  t h a t  t h e  c i t y  of 
Bydgoszcz w i l l  grow f u r t h e r  i n t o  a  major  urban agg lomera t ion  
( 8 t h  o r  9 t h  i n  r ank  and s i z e  i n  P o l a n d ) .  I ts  impact  on t h e  
s u r r o u n d i n g  a r e a s  may imply t h e  growing i n t e g r a t i o n  w i t h  t h e  
c i t y  of  Torun and o f  Inowroclaw. With a  l a r g e  programme f o r  
hous ing  c o n s t r u c t i o n ,  i t s  f i e l d  of  d a i l y  commuting may p e r h a p s  
n o t  grow i n  i t s  radium, s t i l l  i t s  d a i l y  urban system w i l l  be 
s t r e n g t h e n e d  and deve loped ,  l i m i t i n g  t h e  s e r v i c e  f u n c t i o n s  
o f  s m a l l e r  c i t i e s  i n  t h e  a r e a  and t u r n i n g  them i n t o  i n d u s t r i a l  
and housing e s t a t e s  w i t h i n  t h e  agg lomera t ion .  
An i n t e r e s t i n g  p o i n t  i n  such a  development i s  whether  
i t s  s p h e r e  of economic and s o c i a l  i n f l u e n c e  w i l l  grow t o  
cover  t h e  whole Bas in .  The s i z e  of  agg lomera t ion  w i l l  be 
a  s t r o n g  i n c e n t i v e  b u t  t h e  p r e s e n t  a d m i n i s t r a t i v e  d i v i s i o n  
and t h e  p r o b a b l e  and p lanned  growth of  t h e i r  urban c a p i t a l s  
( ~ l o c l a w e k  and Konin) may r u n  c o u n t e r  t o  such change. 
A very important element in the development of spatial 
patterns 1s the role which will be assigned by planners to 
the city of Inowroclaw. There 1s no doubt that it is develop- 
ing within the shadow of Bydgoszcz. Therefore its role should 
be defined both as an important and the main center of the 
Upper Notec Valley and as a significant subcenter of the 
Bydgoszcz agglomeration. As the cities of BY~~OSZCZ, Torun 
and Wloclawek are not dependent in their water economy on 
Upper Notec--in fact they may be points of water transfer 
from Vistula and Brda to Notec river and basin, the city of 
Inowroclaw is completely dependent on Notec, and it should 
perhaps become the center of decisions and administration of 
the Upper Notec water-works. 
It seems realistic to assume that the further growth in 
the intensity of agricultural economy should not involve any 
greater changes in the number of rural population although it 
may involve serious changes in its occupational/professional 
structures. The technological changes may diminish the number 
of required agricultural workers although the further growth 
of food production, based on an increased consumption of 
water may increase the labor-consuming technologies but there 
is no doubt that the progress in agriculture involves a 
definite increase of non-agricultural employment in rural 
areas. Therefore, as already stated, a decrease in employ- 
ment in one sector will probably be compensated by an increase 
in others. The assumption of stabilized population in rural 
areas, however, provides for further outflow (at the present 
rate) from rural to urban areas. On the basis of the 
present population structure in the Basin and its mainly 
rural character it may be assumed that the present rates of 
natural increase are not endangered and will remain at the 
present level. 
POSSIBLE MODELLING APPROACHES 
The case study of the Upper Notec Basin calls for the 
formulation of a comprehensive modelling framework which 
would take into account both intersectoral labor productivity, 
demographic structure, as well as interregional linkages. 
Such a framework implies the integration of regional economic 
growth concepts with those of population change and spatial 
interaction. One way to build a general model is to design 
a number of more restricted constructs which are then linked 
by feedback loops. From the population and migration perspec- 
tive, two such partial models seem necessary as aids to 
spatial development policies in the study area. 
1) A population redistribution model of the type developed 
by A. Rogers. At the first stage, the model could use 
a crude spatial disaggregation into three regions, i.e. 
a) the Upper Notec Basin, b) the remaining parts of 
the BY~~OSZCZ, Wloclawek and Konin Voivodships, and c) 
the rest of the country. The input data concerning 
migrations, based on the assumption of the validity 
of the commuting-migration sequences, should be 
modelled separately. A few development scenarios can 
be tested using the following assumptions: i) rapid 
increase in the housing supply within large cities 
outside the Basin may accelerate the transition from 
a commuter to a migrant status, ii) transportation 
improvements, when accompanied by the development of 
tertiary functions, particularly in small urban places, 
would encourage the growth of outcommuting while 
slowing down the commuting-migration sequence; and iii) 
increase in the size of basic employment, both primary 
and secondary, within the Basin, may lead to a c~tting- 
down of both outcommuting and outmigration. 
2) A model of the spatial growth of the Bydgoszcz-Torun 
agglomeration. This may be designed as a spatial 
interaction model to enable the testing of alternative 
decisions with respect to size and allocation of exogenous 
employment, transportation improvements, housing estates 
and recreational zones. As noted earlier, if past trends 
continue within the next 15-20 years, the northern and 
north-central part of the Basin, including the city of 
Inowroclaw, may be engulfed by the expanding urbanized 
area which is so far external to the Basin. This would 
bring in turn a number of consequences with respect to 
population structure, as well as the patterns of agri- 
cultural development in the study area. 
GENERAL METHODOLOGY AND CONSTRUCTION OF SYSTEM OF MODELS FOR 
THE NOTEC DEVELOPMENT PROJECT 
by R. Kulikowski, IIASA 
1 . INTRODUCTION 
The Notec development project is primarily concerned with 
irrigation and drainage of a large agricultural region. It 
requires, however, that the entire regional water resources 
be evaluated and the water system extended in such a way that 
all the users (i.e. agriculture, industry, navigation and 
municipal users) are satisfied. Due to the hight cost of water 
system development involved, there is a lot of concern expressed 
with respect to the expected regional benefits. Disagreements 
exist as to whether water merely permits to grow or whether it 
can induce the growth. It is believed that no region can grow 
or prosper without adequate water supplies. But this does not 
mean that water is the main development factor. Examples are 
~ i i c d  15, 7 ;  which show that the inexpensive supply of water is 
less important for new plant locations than other factors, such 
as the availability of labor and proximity to new materials and 
markets. It is therefore believed that water development may be 
helpful as one of several factors necessary to encourage regional 
economic development. In other words, it is necessary to 
investigate the general urbanization processes in conjuction with 
water development before a decision on water system development 
is taken. 
Fast urbanization process, which have nowadays become common 
in many countries, have a considerable impact on regional growth. 
It is usually assumed that regional growth consists of rural 
(agricultural) and urban (industrial) components. Urbanization 
is accompanied by the so called transition in demography (which 
results in the decline of natural population growth) and followed 
by the transition in migration (i.e. increased rural-urban 
migration). The result is a change of regional employment and 
spatial settlement patterns. 
The increased rural-urban migration reduces the agricultural 
labor supply and requires that technological change in farming, 
e.g. the substitution of labor by capital, follows. 
In urban centers, the increased (by migration) population 
demands more housing and infrastructure (i.e. more urban capital 
investments and overhead expenses in transportation, health, 
education, environment quality, etc.). The economic benefits 
which are a result of migration, i.e. more labor and scale 
effects, are frequently counterbalanced by the impact of the 
so called diseconomies, created by agglomerations, such as 
environment pollution, congestion in transport, etc. 
In rural areas, the aggregation of land in agriculture 
(i.e. farming acreage per head) produces scale benefits as well. 
In Poland, this process is supported by the government which 
gives credits to farmers who buy the excess land, or gives 
retirement pay for older farmers if they decide to give up the 
land. However, the structural change due to aggregation of 
small farms, which use traditional technologies, requires more 
capital, fertilizers, irrigation, and education. In large farms, 
especially those specializing in the production of meat, environ- 
mental pollution follows. All this indicates that the agglomera- 
tion of the population in urban centers (or aggregation of land 
in rural areas) generates economic benefits as well as increased 
costs. Planners and decision makers feel they are responsible 
to maximize the benefits, or to minimize the costs, involved. 
In countries with planned economies, such as Poland, a great 
deal of attention is being paid to the development of planning 
methods capable of optimizing regional growth and social welfare 
[I, 101.  The Notec Project is therefore regarded as the so called 
"Pilot Project". It if proves to be successful, the experience 
gained and the methodology developed can be used for the develop- 
ment of other, similar, regional projects in the future. 
It is well known that an important factor in the analysis 
of regional development is the labor resource forecasts. It 
depends on the natural supply, which is predetermined by 
regional demography. In the rural areas, like that of Notec, 
the natural growth is above the average national figure. 
The existing regional forecasts of population in the 
productive age in Poland are mainly based on natural growth. 
In order to construct long term population forecasting models 
it is necessary to construct regional migration models. 
It is believed that migration is not an independent random 
process but depends much on the standard of living, jobs, 
housing available, environmental and social amenities. 
In the typical agricultural region, like the Upper Notec, 
there is a constant out flow of labor to urban, industrial 
centers. Since the largest irrigation benefits follow in the 
case of production of labor intensive crops (such as, for 
example, the sugar beets), the outflow of labor due to rural- 
urban migration can significantly decrease the expected rise 
in agric~lture production. 
On the other hand, the labor migration contributes to the 
economic growth of the urban part of the Notec Region, while 
the agriculture land per head ratio increases. This enables 
the acceleration of structural change processes which take 
place in agriculture. As a result of this change the large state 
farms can be created and the regional labor efficiency will 
increase. 
In order to evaluate the complex structure of benefits 
and socio-economic consequences of the Notec Project, a system 
analysis and a system of computerized mathematical models should 
be used. The models should not be regarded as a device which 
give an unique solution, but rather as useful tools which enable 
the investigation of the project's impact on the socio-economic 
growth of the region. 
They should also enable the investigation of different 
regional policies and different scenarios for regional 
development. An interactive mode of operation of computerized 
models is needed for this purpose. 
It should be observed that most of the existing regional 
economic models deal with constant return to scale, exogenous 
labor and other resources, while the migration models do not 
include the economic, structural and technological change 
factors. When one wants to build a useful regional model, it 
is advisable to follow the complex--or integrated--modelling 
approach. There is, however, a danger that wnen one trows too 
many things into one pot, the whole thing can become hopelessly 
entangled. It is therefore advisable to limit the number of 
productive sectors in the regional models studied to agriculture 
and the rest of the economy only (undertanding that agricultural 
economic activity takes place in a rural area, while the rest of 
the economy is active in the urban center). 
The agriculture output of the Notec Region is produced by 
the privat and socialist (mainly state farms) sectors. Since 
the privately owned farms are small and belong to different size 
categories, the economic benefits due to irrigation depend much 
on the sector composition, technology used, and production mix 
at each subregion studied. In order to evaluate the value of 
these benefits, a complex agricultural model for the Notec Region 
is required. 
Following these remarks in the presnt paper, the general 
methodological problems of regional development due to irrigation 
were primarily studied. In particular, the problem of modelling 
regional development, i.e. labor, investment and consumption 
allocation policy impact, as well as the agricultural model for 
evaluating policy impact on production, structural and technological 
change, were described and investigated. 
Of course, besides the models, which deal with economic 
benefits and socio-economic processes, the Notec Project requires 
development of a number of models concerned with water expansion 
and water management systems. Fortunately, much more literature 
l 
and computerized models exist on that area (see, for example, I 
[8, 3 1 ) .  These kinds of models and their application to the Notec 
Project are described in [ 4 ,  61. 
The characteristics of the Notec Region, the Government Pro- 
gram and the Notec Project Research organization are described as 
well in "Short Description of the Notec Development Projecttt, Paper 
1, in this issue. At the present, initial stage of the Notec Project 
Development, the present paper sould be regarded as a proposal for 
future work and mainly as an introduction to constructive dis- 
cussion. 
2. PROPOSALS FOR THE CONSTRUCTION OF A SYSTEM OF MODELS 
The models needed for the Notec Project development fall 
into three general categories: 
a. regional benefit models; 
b. water system expansion models; and 
c. water system management models. 
In the present paper it is only possible to discuss the 
main concept and assumptions underlying the construction of 
these models. 
As far as the regional benefit models are concerned, it is 
necessary to observe that Notec cannot be detached from the 
national economic system. The national policy regarding the 
allocation of production factors, and firstly, capital and 
labor, as well as the allocation of consumption, is motivated 
by the expected regional economic gains and efficiency versus 
equity concepts. The regional gains depend on the existing 
allocation of factors and the comparison of interregional 
production efficiencies (i.e. the net production per employ- 
ment) determines how effectively the regional resources are 
utilized. In other words, using this approach (for details, 
see Appendix I) it is possible to estimate the excess or 
shortage of labor resources in each particular region. The 
estimation of labor resources can be carried out in each 
elementary subregion, such as gmina or solectwo, is necessary. 
The outflow of labor by migration, outside the Notec Region, 
can be computed by a migration model (described in Appendix I). 
The model derives the migration ratio as a function of jobs 
and housing available and the income ratio (compared with 
national averages). The income of the rural population which 
consists mostly of owners of small farms and state farm 
employees is also computed. In order to investigate the private 
sector of agriculture income the model described in Appendix 
I1 can be used. The construction of the state farms model due 
to the availability of statistical data is, of course, much 
easier. The agriculture model is capable of producing the 
expected output, marginal costs, income and labor efficiencies 
for different farm sizes, production mix, input prices, etc. 
Then, the farmer's income, derived from the agriculture model, 
can be used as the input to the migration model. 
Since the agriculture model is also capable of producing 
the farmer's gain, resulting from the irrigation water and the 
possible change of specialization (it is supposed that farmers 
chose water intensive crops when irrigation water is available) 
the corresponding change in the migration pattern can also be 
investigated. 
The migration rates derived can be used for improving the 
regional population growth forecasts derived by demographic 
submodels. The improved demographic data can also be used for 
the evaluation of regional consumption, housing and job 
availability, which in turn influence migration. 
The labor migration, from rural to urban areas within the 
Notec Region, decreases the rural production but at the same 
time, contributes to the urban part of the regional economy. 
In Appendix I, the method has been proposed which enables an 
easy computation of that benefit in monetary terms. The 
economic benefit resulting from rural + urban migration is, of 
course, reduced by the increased cost of services, such as 
housing, urban infrastructure and environment. Using the method 
of Appendix I, it is possible, however, to derive the net benefits 
connected with rural-urban and outside migration. The aggregation 
methods, described in Appendix 11, enable computation of agricul- 
ture benefits for different types of soil, farm sizes, technology 
and production mix. The increase of farmers' expenses accrued 
to the cost of irrigation water can also be computed. Summarizing, 
one can say that the methods described in Appendices I and 11, 
enable in principle, the evaluation of the total regional benefits, 
given the general regional development policy, i.e. the inter- 
regional allocation of investment and consumption funds. 
Regarding the regional allocation of investments, (including 
irrigation, like the Notec Project), the following remarks should 
be made. The investment projects usually involve many choices 
among physically feasible alternatives. Each alternative that 
is given serious consideration should be made on economic grounds, 
i.e. the discounted (over the expected project life) costs and 
benefits in monetary units should be derived. In the engineering 
practice it became, for example, customary to convert the 
investment (I) into an equivalent annual cost by multiplying I 
by the capital recovery factor r = l(l+i)"/[(l+i)" - I], where 
i = the interest rate per annum, n = estimated project's life. 
The socio-economic impact of the project at each region should 
also be studied. 
As far as the Notec Project is concerned the total irrigation 
investment funds should be regarded as split into two parts. One 
part, connected with water transfer, from a reservoir to the 
given farms and fields, maintenance of water facilities, etc. has 
been taken into account (in the model of Appendix 11) as a 
component in the farmers annual water expenses (YW). 
The main investement cost is however connected with the 
basic water system construction and extension, such as, 
construction of retension reservoirs, dams, channels, etc. The 
investment cost depends much on the number and size of the 
reservoirs. That in turn depends on the water demand claimed by 
the potential users, i.e. industry, navigation, municipal users 
and agriculture. 
Using the water demand models, which are based on the 
regional population and urbanization forecasts, the expected 
water demand of the municipal,. industrial, and navigation users 
of the Notec Region can be estimated. As shown in Appendix I1 
the agriculture demand can be estimated using a cost-benefit 
analysis at the farm level and aggregation of the demands within 
each region. It is obvious that the demands derived will depend 
much on time and spatial coordinates. The capital return costs 
will, generally speaking, increase with the size of basic water 
investment. The economical size of the total project will be 
determined therefore by the comparison between the project's 
capital return with the average national figure. Due to the 
budget and construction potential limitations, the total project 
cannot be realized in one single year. The project is therefore 
expected to be realized in stages (e.g. one reservoir per year) 
in such a way that the economic benefits, derived over the total 
project life, are maximized. This requires, in particular, that 
each new reservoir and other water facilities be fully utilized 
starting with the end of the construction period. 
It should be observed that the computation of the project 
size depends on the expected regional benefits. The regional 
benefits depend in turn on the available amount and price of 
water. In other words, to construct a system of models, which 
enables the realization of the Notec Project it is necessary 
to secure a linkage of regional benefit models, already dis- 
cussed, with the water system expansion models, which deal 
primarily with the economy of the water system construction or 
expansion. 
Regarding the expansion models, we shall first consider 
some of the major assumptions and formulate the problem statement. 
The existing and expanding water resources system is formuated 
in mathematical terms by providing an objective function, system 
equations, and constraints in the form of inequalities. The 
planning horizon is taken around the year 2000. The time variable, 
for the introduction of the new subproject, is discrete with one 
year increase. (Planning of capital investments on a yearly 
basis is the accepted procedure in Poland.) Controlled water 
releases within the system are, however, executed more frequently 
(one nonth or one decade), depending on the hydrological and 
meteorological data and consumption specification. The reservoir 
inputs over the project's life time can be assumed, at the beginning, 
as known and deterministic. That assumption may be dropped later 
in order to investigate the stochastic version of the expansion 
model. 
In particular, it seems desirable to use the stochastic 
approach to the optimization of the reservoir capacity. The 
losses due to the shortage of water stored, depends much on the 
random meteorological conditions. The annual precipitation of 
the Notec Region changes over the years and the agricultural 
losses change accordingly. The right approach to chose the 
reservoir capacity can be based on the stochastic formulation 
of the expansion problem with the risk chosen as the objective 
function. In a similar way, it can be assumed that future water 
demands are deterministic. However, the mathematical model can 
incorporate any likely demand function and the sensitivity of 
the solution obtained to change in the demand can be ascertained. 
It is as well proposed to neglect, at the beginning, the water 
quality and environmental pollution impac'ts. 
The water resources system itself can be regarded to consist 
of the river (Upper Notec with two main West and East creeks) and 
a number of lakes which can be converted into retension reservoirs. 
The import of water from the Vistula or Warta Basins should be 
considered as alternatives. Different forecasts of increasing 
demand for municipal, industrial, recreation and navigation users 
should be considered as possible scenarios inthe modelling process. 
A number of possible reservoir locations should be considered. 
Each reservoir may be built on several scales (each scale is con- 
sidered as a different project). With each reservoir is associated 
a capital cost and an annual return. The decision maker is 
concerned with which project to undertake and at which time to 
start construction under budgetary constraints. Then, the general 
optimization problem to be solved by means of expansion models 
can be formulated as follows. Given the planning interval 
T = , 2 0 0 0  and a set of alternative projects, select a period (if any) 
when each subproject should start so the objective function is 
optimum under budgetary and other constraints. 
As the objective function, the difference between the expected 
benefits and capital costs, connected with the project, can be 
taken. That function should be sumed up over the set of alterna- 
tives project and discounted over time. The constraints should 
consist of: 
a) budgetary (investment constraint); 
b) construction capacity limitation (e.g. a single reservoir 
each year) ; 
c) release constraints (releases to the streams between the 
reservoirs must exceed a certain minimum level and must be 
less than flood levels) ; and 
d) reservoir shortage and mass balance constraints. 
In the case of the series of connected reservoirs these 
constraints may assume a dynamical character (i.e. the irrigation 
water releases become delayed returns to the next reservoir). 
It should be observed that the optimization problem connec- 
ted with the solution of the water system expansion is generally 
a nonlinear (discrete) programming problem. There are know 
computational difficulties connected with the solution of such 
problems [ 8 ]  . 
The Branch and Bound Method has recently gained attention 
as a possible optimization tool [ 8 ] .  In order to enable the 
implementation of an operational policy with any new reservoir 
added the Fulkerson's Out of Kilter algorithm can be used in 
combination with Branch and Bound [ 8 ] .  
It should be observed that when the water system expansion 
problem is solved numerically, the supply of irrigation water 
in each region as well as the expected production and regional 
growth is determined. On the other hand, since the water system 
structure is known, the water system management models can be 
constructed and implemented. 
Within this class of models, one is concerned with the 
operating rules for reservoir releases, mainly. The effectiveness 
of the water system, consisting of many reservoirs and canals, 
is dependent on the ability to operate the system in an optimum 
fashion. The overall objective of the water supply system is to 
zeet the demand for water at minimum expense. 
The demand for water depends mostly on the agriculture 
technology and production specialization. For example, there is 
an increased water demand for grain fields in May-June and for 
potatoes in August. In order to derive the optimum operating 
rules for water management, the stochastic formulation of the 
problem is also necessary. 
Obviously, the successful construction of a system of models 
for the Notec Project requires that the three general categories 
of models listed (ile. regional benefit, water system expansion 
and management) are developed in such a way that linkage of 
exogeneous variables is possible. 
It is also advisable to utilize as much as possible the 
experience gained in other existing large-scale irrigation model- 
ling projects such as, for example, the Silistra Project in 
Bulgaria [ 3 ] ,  the Texas Water System Project [ 9 ]  or the Bratsk- 
Ilimsk Complex Development [ 2 ] .  
There are many differences among these projects. For example, 
the farms in Texas are privately owned, and in Silistra they are 
State owned, while in the Notec Region the ownership of farms is 
mixed. There are also differences in the climate, soil, water 
resources as well as in economical planning, social and mangement 
structure. On the other hand, many similarities exist in the 
optimization problem statements and the water system engineering 
methods. 
Though there is a considerable part of engineering problems 
in the Notec Project, it is essential that the continuous 
consultative support from the specialists representing regional, 
economic, social and environmental sciences be secured. In this 
respect, IIASA's role as a unique international organization, 
which enables cooperation among research institutions and 
specialists representing different branches of science and dif- 
ferent countries, is of great importance. 
In conjunction with in-house research conducted within 
different Areas and Programs, IIASA's participation in the Notec 
Region Case Study may essentially contribute to the successful 
~ e a 1 i ~ d t i u i i  02 t 1 - 1 ~  Xctec  Project. 
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A CONCEY T FOR NORTUTIVE IdlODELLING OF WATER SYSTEM DEVELCPIdiRT 
I N  AN AGRICULTURflL REGION 
Mazek l~kkowski 
Systems Research I n s t i t u t e ,  P o l i s h  Academy of Sciences 
1. The A i m  and Scope of Research 
The research  undertaken i s  aimed at cons t ruc t ion  of a model 
f o r  water resource system /IWS/ i n  an a g r i c u l t u r a l  region. T h i s  
model w i l l  be a c t u a l l y  appl ied - out of i t s  other  poss ib le  uses - 
i n  design and iinplementation of a I1pilot1l - prototype water resour- 
ce systam i n  an a g r i c u l t u r a l  region wi th in  the  framework of the 
.gavernmental ReD program PR-7 dea l ing  with water problems. I n  
< 
31-r-t.Fcular PiWS will be 1xed in pls.mFng of i-~_n-dert,akF=g.cF ?ertaF_n_ing 
t o  formation and u t i l i z a t i o n  of water resources.  This model w i l l  
1 
a l s o  p a r t i c i p a t e  i n  planning and f o r e c a s t i n g  of socio-economic 
development of the  region. 
PIWS i s  being constructed f o r  a s p e c i f i c  region,  with a s swp-  
t i o n ,  howevel;, t h a t  i t  w i l l  r e t a i n  i t s  a p p l i c a b i l i t y  t o  o ther  regions.  
This f a c t  determines n o t  only the  s t r u c t u r e  of the model, but  a l s o  
the  requirements concerning d e t a i l e d  s p e c i f i c a t i o n  of the model 
bases  and prepara t ion  of documentation. The objec t  modelled present ly  
i s  the  Upper Note6 watershed. I t  i s  a d i v e r s i f i e d  a g r i c u l t u r a l  region 
with 6190 sq.km of su r face  out of which 4550 sq.km a r e  i n .  agr icul -  
tural use /80$ of the  l a t t e r  i s  l i a b l e  t o  i r r i g a t i o n / .  Water de- 
f i c i t  can be f e l t  i n  the  watershed a l ready now. I n  condi t ions of 
developing urban and rural se rv ices  and pos tu la ted  growth of ag r i -  
c u l t u r e  and water-consuming indus t ry  t h i s  d e f i c i t  w i l l  g e t  more 
severe  : 2 ]  , [ 6 ]  . A t  t he  same time the  r eg ion  o f f e r s  p o s s i b i l i t i e s  
of app ropr i a t e  format ion of water resources  / c o n s t r u c t i o n  of r e -  
s e r v o i r s ,  water  t r a n s f e r  wi th in  th'e reg ion  and/or from neighbouring 
A remarkable amount of investments  planned f o r  expansion of 
a  water system and f o r  development of a g r i c u l t u r e  j u s t i f i e s  
, an e f f o r t  f o r  cons t ruc t ion  a model t h a t  can be t r e a t e d  as 
a t o o l  f o r  dec i s ion  ii~akers. A s  f a r  as t he  water system expan- 
s i o n  i s  conserned i t  i s  assur~~ed t h a t  the  g o a l  of development 
i s  t o  ma indze  the  n e t  b e n e f i t  t o  s o c i e t y  caused by implemen- 
t a t i o n  of t h e  plan.  Appl ica t ion  of so  c a l l e d  supply o r i en ted  
models does n o t  quarantee  t h a t  maximum of b e n e f i t  i s  achieved. 
Nei ther  t he  s t r a t e g y  of minimazation of water consumption i n  
a g r i c u l t u r e  i s  accepted. 
I n  t h e  above descr ibed  condi t ions  i t  i s  necessary  t o  apply a 
comprehensive computerized model i n  order  t o  e l abora t e  r a t i o n a l  
p lans  of t h e  water systems development. I t  i s  understood here  
t h a t  r a t i o n a l  d e c i s i o n  making would involve  j o i n t  cons ide ra t ion  
of t h e  water  resource  system and the  who1 e  of t he  r eg ion ' s  socio- 
economic development so  t h a t  u l t i m a t e l y  t h e s e  two a r e  t r e a t e d  as 
one r e g i o n a l  water-economic system. 
For purposes of comprehensive planning and f o r e c a s t i n g  of t he  
whole of reg ion ' s  developnent a s p e c i a l  model w i l l  be b u i l t  
/ MRD -nodel of r e g i o n a l  development, [3]/. I t  i s  assumed / see  ~ i g . l /  
t h a t  MRD w i l l  be used toge the r  w i th  models of n a t i o n a l  development 
/ e  .g. from the  7TdI-models of development-series [5] /, 
Fig . l .  General s t r u c t u r e  of t h e  model system 
and a l s o  w i t h  more d e t a i l e d  models of s p e c i f i c  spheres  of a c t i v i t y ,  
e.g. w i t h  model of a g r i c u l t u r e  / F A G / ,  of migra t ion ,  of i n d u s t r y  
and o the r s .  7,lUST model would be h e l p f u l  i n  de te rmina t ion  of such 
v a r i a b l e s  exogenous t o  i:-IS as: 
anounts of wate r  bo th  f o r  e x t e r n a l  u s e r s  and those  having 
p r i o r i t y ,  inves tments  volurnes i n t o  wate r  system, t h e  va lue  
of a g r i c u l t u r a l  product ion,  c o s t s  a s s o c i a t e d  w i t h  i r r i g a t i o n  
and f o r ~ l a t i o n  of wate r  r e s o u r c e s  and s o  on. 
I n  modell ing,  and subsequent ly  i n  des ign  of water  system de- 
velopments t h e  bpper Noted watershec r eg ion  considered h e r e  w i l l  
be d iv ided  i n t o  N / N  equa l  t o  about  20/ microregions /denoted 
f u r t h e r  on by It i s  assumed t h a t  each RI.1 has  reasonably  
homogenous c h a r a c t e r i s t i c ,  Areas of mi's correspond t o  t h e s e  f o r  which 
well  f i t t e d  data considering water f l o w  and estiniation of agr icul -  
t u r e  production func t ion  parameters can be col lec ted .  The s t r u c t u r e  
of the  whole watershed can be represented by a network /see Fig.P/, 
whose nodes a r e  K..I's and d i rec ted  a r c s  a r e  water flows i n  streams 
between indiv idual  FU4's. 
Fig.2. Network rep resen ta t ion  of the i n i t i a l  breakdown of the 
Upper Note6 Watershed i n t o  RJ'i's 
The biWS model w i l l  enable determination of the optimal 
a l l o c a t i o n  of e x i s t i n g  water resources among ind iv idua l  WA's and of 
,the optimal expansion of the  water resources system through con- 
s t r u c t i o n  o f  r e s e r v o i r s  and through water t r a n s f e r ,  e i t h e r  among 
illill's within  given watershed or  from outside.  By optimal i s  under- 
stood such s t r a t e g y  which r i i m i z e s  c e r t a i n  c r i t e r i o n  /commented 
below/ connected with a g r i c u l t u r e  and which s a t i s f i e s  c o n s t r a i n t s  
spec i f i ed  i n  p.3.3. of the  present  paper. The charac ter  of t h i s  
c r i t e r i o n  imp l i e s  t h e  p r i o r i t y  given t o  demands of non -ag r i cu l tu ra l  
water  u se r s .  I t  i s ,  however, impera t ive ,  t o  d i s t i n g u i s h  between 
demands and a c t u a l  needs ,  and hence t h e  1,WS w i l l  provide valua- 
t i o n  of wate r  f o r  a g r i c u l t u r a l  uses  i n  i n d i v i d u a l  R14-'s. Such 
v a l u a t i o n  may c o n s t i t u t e  a b a s i s  f o r  verification of planned 
wate r  demaxd of u s e r s  having p r i o r i t y  / e s p e c i a l l y  i n  p lanning  
of new o r  a d d i t i o n s  t o  old  c a p i t a l  inves tments ,  and i n  making of 
d e c i s i o n s  p e r t a i n i n g  t o  choice  or  change i n  technology/.  
IWS w i l l  be a d e t e r m i n i s t i c  model. Adoption of t h i s  assum- 
p t i o n  r e s u l t s  both  f rcm t h e  purpose of t he  model and from t h e  
computational  c a p a c i t i e s .  A s  the  hydro log i  c a l  phenomena have 
random c h a r a c t e r  t h e  d a t a  f o r  t he  model / t h i s  r ega rds  mainly 
volumes of n a t u r a l  f lows and r e l a t i o n  of increments i n  a g r i c u l t u -  
ral  produc t ion  t o  i r r i g a t i o n /  w i l l  be def ined  on the  b a s i s  of 
s t a t i s t i c a l  a n a l y s i s  of time s e r i e s  f o r  15  t o  30 years .  
The major l i m i t a t i o n s  i n  t he  use  of the  model a r e  l i s t e d  
below: 
The IJI\VS model w i l l  n o t  s e rve  f o r  t h e  rea l - t ime  con t ro l .  
For  t h e s e  purposes ano the r  model i s  be ing  cons t ruc ted  cl], de- 
s c r i b e d  i n  t he  subsequent chapte r .  
The problem of wate r  excess  removal / i n  case  i t  i s  n o t  
t r e a t e d  as a method of i n c r e a s i n g  d i s p o s a b l e  wate r  r e sou rces /  i s  
n o t  considered i n  I'4WS. 
The model does n o t  account  e x p l i c i t l y  f o r  water  q u a l i t y .  The 
q u e s t i o n  of q u a l i t y  could be considered i n d i r e c t l y  through inc re -  
a s e  of minimal admis s ib l e  f low i n  a s t ream / r e s t r a i n t s  on ~iiinimal 
flows a r e  in teg ra ted  i n t o  MWS/ and simultaneous adoption of 
emission s tandards so  t h a t  concentrat ions of po l lu t ion  i n  the 
environment do not  exceed given ambient normative s tandards,  
The problems of water use f o r  naviga t ion  p r o j e c t s  t h a t  could 
improve the  t r a n s p o r t a t i o n  network, f o r  hydroe lec t r i c  power gene- 
r a t i o n  and f o r  publ ic  h e a l t h  and r e c r e a t i o n  p r o j e c t s  a r e  not  taken 
i n t o  account i n  the model, n e i t h e r  a r e  those uses which p e r t a i n  
t o  f lood contrbl .  
2. The S t ruc tu re  f o r  Model of Water .System /IWS/ 
Nt?S w i l l  be composed of 4 mutually connected submodels and 
w i l l  cooperate with o ther  models of the system i l l u s t r a t e d  i n  Fig.3. 
By cooperation i t  i s  meant t h a t  some i n p u t s  t o  PAWS a r e  Petermined 
on the b a s i s  of putputs of other  models and conversely. A s  i nd i -  
cated i n  the  t i t l e  of the paper, i t  i s  assumed t h a t  I~IWS w i l l  have 
a normative cha rac te r ,  1.e. i t  w i l l  enable d e f i n i t i o n  of these  
values of dec is ion  v a r i a b l e s  which maximize the  c r i t e r i o n  chosen. 
ExOGmOUS VARIABLES : 
va lue  of crop produc t ion  
c o s t s  of: - i r r i g a t i o n  
e w a t e r  r e sou rces  format ion  
volwnes of wate r  f o r :  - e x t e r n a l  u s e r s  
* u s e r s  that  have 
p r i o r i t y  
inves tments  volumes 
u t i l i z a t i o n  of 
r e sou rces  
sequencing of e v a l u a t i o n  of 
Fig. 3. S t r u c t u r e  of t h e  DPdS model 
The PWSO submodel w i l l  make i t  poss ib l e  t o  e f f e c t i v e l y  u t i l i z e  
the  o the r  models i n  the  conversa t iona l  mode on an adequate ly  
equipped computer i n p u t j o u t p u t  conf igura t ion .  Thus, i t  w i l l  be 
poss ib l e  t o  analyze t h e  in f luence  of changes i n  some d e c i s i o n  
v a r i z b l e s  and compare e f f e c t s  of non-optixr~al s t r a t e g i e s .  This 
cornparison would involve n o t  only d i f f e r e n c e s  i n  c r i t e r i o n  func t ion ,  
bu t  a l s o  information p e r t a i n i n g  t o  va lua t ion  of water ,  i n c r e a s e s  
i n  a g r i c u l t u r a l  product ion,  o ther  i n d i c e s  as e.g. investment 
e f f i c i e n c y ,  and information on v i o l a t e d  c o n s t r a i n t s .  I t  w i l l  be 
;;ossible to -ana lyze  t h e  in f luence  of changes i n  exogenous v a r i a b l e s ,  
. 
model parameters e t c .  and t o  perform an i n i t i a l  s e l e c t i o n  of 
a l t e r n a t i v e s  / l lscenar ios"/  according t o  t h e  c r i t e r i o n  adopted. 
The model w i l l  enable s e l 6 c t i v e  output  of r e s u l t s  from t h e  compu- 
t e r  and choices i n  t h e i r  processing.  Because of i t s  purpose MWSO 
w i l l  be e labora ted  a f t e r  iWS1 and T.:IVS2 have been completed and 
a f t e r  d e t a i l e d  f u n c t i o n a l  requirements have been formulated by 
f u t u r e  use r s  of t h e  model system. 
The 1WSl submodel. w i l l  serve f o r  determinat ion of optimal 
a l l o c a t i o n  of d i sposable  resources  among ind iv idua l  microregions Ri;l. 
with h e l p  of l.>WS1 i t  w i l l  be poss ib l e  t o  ob ta in  va lua t ions  of 
water as a resource i n  va r ious  Rh's i n  r e l a t i o n  t o ,  e.g. i t s  
quan t i ty .  Fli6S1 w i l l  be connected with  the  model of a g r i c u l t u r e  
i n  the  reg ion ,  t he  l a t t e r  model d e f i n i n g  s t r u c t u r e  of crops ,increa- 
s e  i n  value of crop product ion,  demand f o r  water of l i v e s t o c k  
breeding and s o  on. 
I t  should be pointed out that the model of agriculture must 
not extrapolate current s i tuat ion.  I t  i s  asaumed, that f o r  
each RM the optimal structure of crops /taking in to  account 
the poeaibi l i ty  of irrigation/  and volumes of livestock 
production w i l l  be designed-. according t o  a goal function f o r  
agriculture and constrained resources .  The genera l  i d e a  of 
such rlodel i s  presentea i n  [4]. 
The r e s u l t s  of o the r s  researches  performed i n  Poland pertaining 
t o  eva lua t ion  of crop inc rease  due t o  i r r i g a t i o n  and s t ruc tu -  
r e  of a g r i c u l t u r e  w i l l  a l s o  be adopted. 
The concept f o r  cons t ruc t ion  of model PIWS1 i s  presented  
i n  some more d e t a i l  i n  p.3 of the present  paper. 
The IWS2 submodel i s  meant f o r  de f in ing  the optimal formation 
of water resources  / through determination of s i t e s  and volumes of 
r e t e n t i o n  r e s e r v o i r s  and water t r a n s f e r s / .  1;?YIJS2 w i l l  thus change 
the disposable  resources.  
It  i s  assumed t h a t  n e i t h e r  supply or iented  models nor minimi- 
za t ion  of .water consumpt io~ i n  a g r i c u l t u r e  i s  accepted. 
Thus, the PfiqS2 goal  func t ion  w i l l  include both evalua t ion  of 
e f f e c t s  due t o  i r r i g a t i o n  a12d c o s t s  of forniation of water 
resources.  Hence MWS1 w i l l  serve a s  a  submodel f o r  P11siS2. Desc- 
r i p t i o n  of MWS2 i s  given i n  p.4. 
Act iva t ion  of t h i s  submodel w i l l  necessi-  
t a t e  information concerning c a p a c i t i e s  and cos t s  of water system 
investments\ i n  t h e  region  / see  p.4/. 
The P1WS3 submodel w i l l  serve f o r  c p t i ~ n i z a t i o n  of sequencing 
of inves  tnen t s  determined wi th in  1vl\?S2 s o  t h a t  c e r t a i n  investment 
e f f e c t  index w i l l  be maximized over the i n v e s t r ~ e n t  period and the 
c o n s t r a i n t s  on annual investment volumes and cons t ruc t ion  capaci- 
t i e s  a r e  n o t  v io la ted .  Piore d e t a i l e d  s t r u c t u r e  of t h i s  submodel 
w i l l  be spec i f i ed  at  a l a t e r  s tage  of research.  
3. The Concept f o r  INS1 Submodel 
3.1 . Optimality c r i t e r i o n  
The I>iV?Sl submodel w i l l  serve, a s  s a id ,  f o r  determination of 
optimal a l l oc a t i on  of disposable resources among ind iv idua l  RM's 
f o r  each decade during vegetation period. Optimality c r i t e r i o n  w i l l  
concern exclusively a g r i c u l t u r e  while s a t i s f a c t i o n  of 'non-agricul- 
t u r a l  users  demand w i l l  be warranted through appropriate  p r i o r i t y  
supply volumes. 
I t  i s  postulated f o r  the c r i t e r i o n  t h a t  i t  consequently comprise 
the whole of the  a g r i c u l t u r a l  production, i . e ,  both crops and 
l ives tock.  Solut ion t o  thus formulated problem depends 'upon possi- 
b i l i t i e s  of specifying d a t a  and cons t ruc t ing  a g r i c u l t u r a l  model 
f o r  the  region. With the he lp  of the l a t t e r  i t  would be possible  
t o  speci fy  optimal volumes and s t r uc tu r e s  of crop and l i ve s tock  
pzoductions f o r  each RIY with cons t ra in t s  on water volume and o ther  
resources such as  labour ,  machines, f e r t i l i z e r s  e tc .  I n  the  f i r s t  
version of IklWS1 the  opt imali ty  c r i t e r i o n ,  however, w i l l  only account 
f o r  crop production increases ,  Water demand f o r  l i ve s tock  breeding 
w i l l  ,be theref ore t r ea ted  as an ex te rna l  p r i o r i t y  cons t ra in t ,  
I t  does not  cause any l i m i t a t i o n  of using the 111od.el because 
the  model of a j r i c ~ d t u r e ,  as sa id ,  w i l l  designe the optimal 
s t r u c tu r e  of whole regional  ag r icu l tu re .  Thus the  s impl i f i ca t ion  
r e s u l t s  only i n  introducing i n t o  the goal funct ion  a p a r t  of 
e f f e c t s  due t o  i r r i g a t i o n  alone i.e. crop production increase.  
The a i m  of op t imiza t ion  i s  t o  a l l o c a t e  water  among Rim' .I s i n  
consecut ive  decades of t h e  vege ta t ion  period i n  such a way t h a t  t h e  
sum of income X(Q) r e s u l t i n g  from i r r i g a t i o n  i n  i n d i v i d u a l  RH's 
w i l l  a t > t a i n  i t s  maximum: 
Q - i r r i g a t i o n  f lows,  
N - number of RM's , -T - number of decades i n  t h e  vege ta t ion  - 
per iod ,  
D ~ ( ~ ~ )  - increments  t o  crop product ion  va lue  from i r r i g a t i o n ,  
sitqi) - sums of c o s t s  on i r r i g a t i o n .  
Because t h e  a g r i c u l t u r a l  product ion i n  Poland i s  p a r t l y  sub- 
s i d i z e d  by t h e  s t a t e  budget an e s s e n t i a l  parameter i n  s p e c i f i c a t i o n  
- 
o f  Di f u n c t i o n  i s  i n t roduced  by p r i c e s  of a g r i c u l t u r a l  products .  
A s  t h e  f u n c t i o n  Di i s  es t imated  f o r  product ion  rep resen ted  i n  natu-  
ral u n i t s  i t  w i l l  be l e f t  as such and only a d d i t i o n a l l y  i t  w i l l  be 
m u l t i p l i e d  by p r i c e s  /wi th  due account  t o  so-ca l led  ' l c a l c u l a t i o n  
p r i c e s "  r e c t i f y i n g  r e l a t i o n s  t o  o the r  s e c t o r s 8 p r i c e s /  t r e a t e d  as 
exogenously given. This w i l l  f a c i l i t a t e  a n a l y s i s  of i n f l u e n c e  of 
,various c a l c u l a t i o n  p r i c e s  on volumes of p r o f i t a b l e  i r r i g a t i o n .  
d e l a t i o n s  se rv ing  t h i s  purpose w i l l  be comprised i n  the  model, 
a r e ,  however, omitted i r i  t he  p resen t  s i r i lpl i f ied d e s c r i p t i o n .  
The sum of c o s t s  Si w i l l  comprise a l l  c o s t s  p e r t a i n i g  t o  irri- 
g a t i o n ,  i .e .  annual ope ra t ing  c o s t s ,  annual c a p i t a l  investment  
repayment rate, increments  t o  c o s t s  of a g r i c u l t u r a l  product ion  
e n t a i l e d  by i r r i g a t i o n , a n d  o thers .  
no c o a t s  aesoc ia ted  w i t h  water resources format ion  are i nc luded  
i n t o  Si, 
Cons ide r ,  f o r  t h e  s a k e  of i l l u s t r a t i o n ,  one R1t and one decade.  
The c h a r a c t e r  of dependence of a g r i c u l t u r a l  p r o d u c t i o n  i n c r e a s e  D ,  
i r r i g a t i o n  c o s t s  S and a i f f e r e n c e  /D-S/ on t h e  w a t e r  q u a n t i t y  q  
i s  p r e s e n t e d  i n  Fig .4  below 
S 
D 
D-S 
Fig.4.  I l l u s t r a t i o n  of  f u n c t i o n s  D, S,  and /D-S/ and of op t ima l  
i r r i g z t i o n  l e v e l  f o r  an R!.,. and a decade  
Quant i ty  q, could be i n t e r p r e t e d  as b io log ica l  opt inw-,  i . e .  
such amount of water should be used f o r  i r r i g a t i o n  i n  given RK if 
t he re  were no cos t s  associa ted ,  with it .  Quant i ty  q2 i s  an economic 
optimum i n  condi t ions of s u f f i c i e n t  supply of water. I f  suyply i s  
l i m i t e d  below t h i s  l a s t  optimum f o r  a s e p r a t e  3l;I, then the re  would 
be some other  optinlal po in t  q  A s  t he re  e x i s t s  a p o s s i b i l i t y  of 3' 
t r a n s f e r r i n g  water from ,one mi t o  another the  l o c a l  optimum could 
even i n  condi t ions of l imi ted  supply be h igher  than q3, e.6. q5 ' 
I n  t h i s  s i t u a t i o n  some arnount of water from an RN where i t  s t i l l  
could be used i s  l e f t  t o  be consumed wi th in  another RI.1 - dokmstream - 
with h igher  e f f ic iency.  The optimv-m f o r  supplying B1.2 would then 
be lower - e.g. q4'  
Two fol lowing aspec t s  having e s s e n t i a l  inf luence on v ~ l m e  
of crop p o d u c t i o n  inc rease  have been incorporated i n  the  model: 
1. Question of incomplete i r r i g a t i o n .  I t  i s  well-known t h a t  
f o r  a given crop a prescr ibed  d e s i r a b l e  l e v e l  q l ( t )  of water supply 
4, 
per  1 sq.km can be spec i f i ed  y ie ld ing  awaited inc rease  i n  crops. 
Consequently, -knowing the  water supply qi(t) the  i r r i g a t i o n  a rea  
f i  can be determined f o r  giver1 RM as 
I t  must, however, be a s s e ~ s e d ,  whether b e t t e r  r e s u l t s  f o r  the given 
water supply cannot be achieved with i r r i g a t i o n  l e s s  i n t e n s i v e  
than q l ( t )  
t h a t  would enable an i nc rease  of the  a r e a  i r r i g z t e d  and subsequently 
a l s o  inc rease  i n  crops notwithstanding drop i n  y ie ld  per hectare .  An 
a d d i t i o n a l  reason  f o r  such a n a l y s i s  i s  t h e  f a c t  t h a t  [:WS i s  a 
d e t e r m i n i s t i c  code l  bas ing  upon s o  c a l l e d  r e p r e s e n t a t i v e  yea r  d a t a ,  
s o  t h a t  i n  p r a c t i c e  produc t ion  i c c r e a s e  u s u a l l y  w i l l  be g r e a t e r .  
2. Rat iona l  p lanning  of crop s t r u c t u r e s  i n  i n d i v i d u a l  RPi's. 
I t  i s  assur~ied i n  t h e  model t h a t  t h e  crop s t r u c t u r e  i s  given exogen- 
ously.  P re sc r ibed  d e s i r a b l e  i r r i g a t i o n  volumes f o r  va r ious  crops 
a t t a i n ,  however, t h e i r  extrenla i n  d i f f e r i n g  tirne per iods .  The model 
w i l l  t h e r e f o r e  ou tpu t  in format ion  a i d i n g  i n  planning of crop struc-• 
t u r e s  i n  i n d i v i d u a l  RM's s o  as p o s s i b l y  f u l l y  u t i l i z e  water  
dur ing  t h e  whole v e g e t a t i o n  per iod ,  adding water  f o r  i n d i v i d u a l  
crops accord ing  t o  t h e i r  needs,  i . e .  i n  va r ious  pe r iods /va r iu s  RM's. 
3.2. d e c i s i o n  v a r i a b l e s  
Q u a n t i t i e s  of wate r  f o r  i r r i g a t i o n  i n  i n d i v i d u a l  Rl i ' s  and 
decades of vege t a t i on  per iod:  qi i t ) ,  i = l  ,2,. . . , N ;  t=1 ,2 , .  . . ,T ;  
w i l l  be main d e c i s i o n  var ia ,bles  of t h e  model. I f  t h e  s o l u t i o n  s t i -  
p u l a t i n g  incomplete i r r i g a t i o n  can be accepted,  then  a l s o  i r r i g a t e d  
a r e a s  f i  w i l l  be t r e a t e d  as d e c i s i o n  v a r i a b l e s .  
- 2.3. Cons t r a in t s  
Decis ion v a r i a b l e s  nus t s a t i s f y  fo l lowing  c o n s t r a i n t s  : 
0 ,( 2 4 qmax ( 4) 
Cj 4 <?D (5) 
O< F ,< F I , ~  (6) 
-&here F m a x  i s  given  vec to r  of naximal s u r f a c e s  t o  be i r r i g a t e $  
i n  i n d i v i d u a l  RM's,  Qmax i s  given matr ix  of maxim1 i r r i g a t i n g  f l m s  
f o r  i r ld iv idua l  XI'S and decades,  and QD i s  a matr ix  of d i sposab le  
f lows Cietermilied as below: 
where LjN is a mat r ix  of n a t u r a l  f lows ,  i .e .  amounts of water  
that; :would e x i s t  i n  the system i n  t h e  absence of consumption. 
QYB i s  water  consurrlption by e x t e r n a l  p r i o r i t y  u s e r s .  These 
u s e r s  have supply of QP of wate r ,  b u t  a c t u a l l y  consume 
only a purt ior .  of 42. bl.enlents of QPB matr ix  w i l l  t h e r e f o r e  be 
de f ine6  as 
c?pbit = O-P; hit c8) 
where B = [b -1 i s  a matrix of i n d i c e s  of consumption f o r  i t  
e x t e r n a l  p r i o r i t y  u s e r s  O_(b i t<  1 . 
Knowing c o ~ s u m p t i o n  of water  f o r  i r r i g a t i o n  Q f o r  reg ions  
,~.lpstream cne can determine e n t i r e  ccnsumpt,ion of water  u p t h e  s t ream 
from given RPi: 
qz = c (QPB + Q )  
where C i s  a matrix d e s c r i b i n g  network of connect ions  among i n d i -  
v i d u a l  Wlps. I t  i s  a 0 - 1 mat r ix  wi th  c i j = l  i f f  t h e r e  e x i s t s  a 
f low connect ion f r o a  j- th RM t o  i - t h  RM. 
Note t h a t  QN-QPB-QZ denotes  t h i s  'amount of water  which 
a c t u a l l y  i s  i n  a s t ream i n  i n b i v i d u a l  RP.'s and decades. 
Q M  i s  t h e  minimal f low and i s  gi.ven by 
where QB i s  b i o l o g i c a l l y  admiss ib le  minimal f low,  GPIB i s  t he  
~01ur;ie of water  consurned by ex t e rna l  p r i o r i t y  u se r s  r e t u n e d  
t o  t h e  system. Operat ion FLAX c o n s i s t s  i n  chosing t h e  g r e a t e r  of 
t h e  corresponding elements of two mat r ices  and i n  c r e a t i o n  of new 
matr ix  from these  e l e n e n t s .  
4. The Concept f o r  Tvi1dS2 Su-bmodel 
4.1.  Optimal i ty  c r i t e r i o n  
The F1\fJS2 submodel w i l l  be used i n  planning stuciies p e r t a i n i n g  
t o  i n c r e a s e s  i n  d i sposab le  water  r e sou rces  f o r  i n d i v i d u a l  RM's 
i n  v e g e t a t i o n  per iod.  These i n c r e a s e s  c a n  be e f f e c t e d  through 
d imin ish ing  of d i s p a s a b l e  resources  o u t s i d e  of the  vege ta t i on  
per iod  / s t o r a g e  of water  i n  r e s e r v o i r s / ,  or  even through decreases  
i n  r e sou rces  of o t h e r  RI.i's/other watersheds.  I t  i s  assumed t h a t  
t h e  two above s o l u t ~ o n s  a r e  p r o f i t a b l e  from the  po in t  6f vi,ew of 
the  whole econoniy. This  remark s p e c i f i c a l l y  concerns d imin ish ing  
of r e sou rces  ou t s ide  of vege t a t i on  j e r i o d  and of the  r eg ion  consi-  
dered as t h i s  f a c t  w i l l  n o t  be accounted f o r  i n  t h e  o p t i m a l i t y  
c r i t e r i o n  adopted f o r  1.1WS. 
A s ,  on the  one hand, t h e r e  i s  a l o t  of p o t e n t i a l  p o s s i b i l i t i e s  
of i n c r e a s i n g  d i sposab le  r e sou rces  and on the  o the r  hand t h e  
ope ra t iona l  and a p ? l i c a b l e  computer model should be b u i l t  as soon 
as p o s s i b l e ,  i t  w a s  assumed t h a t  PNS2 w i l l  serve  f o r  eva lua t ion  
of s e l e c t e d  investment a l t e r n a t i v e s  /which p r imar i ly  conceras 
t r a n s f e r s  of water  and c a p a c i t i e s  of r e s e r v o i r s / .  S e l e c t i o n  of 
a l t e r n a t i v e s  would be performed beforehand a t  the  s t a g e  of d a t a  
prepa ra t ion .  / ~ e s u l t s  from YIWS? could be used f o r  t h i s  purpose./ 
MWS2 model would then  f o r  a given s e t  of p o t e n t i a l  l o c a t i o n s  of 
r e s e r v o i r s  and of wate r  t r a n s f e r  network determine optimal volumes, 
o r  only va lues  of c r i t e r i o n  f u n c t i o n  L i f  t h e  i n f l u e n c e  of var ious  
s o l u t i o n s ,  d i f f e r i n g  from t@e optimal ones, were analysed.  I n  PIWS~ 
model t h e r e  w i l l  a l s o  e x i s t  a p o s s i b i l i t y  of de te rmina t ion  of some 
d e c i s i o n  v a r i a b l e s  /e .g.  volumes of some r e s e r v o i r s / .  
The c r i t e r i o n  f u n c t i o n  /denoted L /  f o r  I.iUJS2 has  been adopted 
i n  t h e  form: 
K 
( v , ~ )  = - j= 1 J Z j  ( v . )  3 -t J P j (xj) 
j= 1 
where 'V, X - v e c t o r s  of decisi 'on v a r i a b l e s ,  i . e .  volumes of 
r e s e r v o i r s  and of wate r  t r a n s f e r r e d  / t o  given RPl's/ 
r e s p e c t i v e l y ,  
E - investment  e f f e c t s ,  
J'Z - annual  c a p i t a l  investment  repayment r a t e  and opera- j 
t i n g  c o s t s  f o r  j- th r e s e r v o i r ,  
JP - annual  c a p i t a l  investment  repayment r a t e  and c o s t s  j  
f o r  j - th  wate r  t r a n s f e r ,  
J , K  - numbers of r e s e r v o i r s  and water  t r a n s f e r s ,  r e s p e c t i -  
ve ly .  
I t  i s  assumed t h a t  J Z  . and J D  . a r e  convex f u n c t i o n s  of t h e i r  
J 3 
arguments. By investment  e f f e c t  I3 i s  meant he re  t he  d i f f e r e n c e  between 
va lues  of t he  c r i t e r i o n  (1) f o r  P.!idSl submodel c a l c u l a t e d  wi th  and 
without  investments  / r e s e r v o i r  c o n s t r u c t i o n ,  p o s s i b i l i t i e s  of water  
t r a n s f e r / .  For t h i s  purpose equa t ion  ( 7 )  of iMS1 submodel w i l l  be 
r ep l aced  by equation:  
where: I - i d e n t i t y  matrix,  
U - outflow o f  water s tored  i n  a r e se rvo i r .  
G - degree of r e s e r v o i r  u t i l i z a t i o n  / f i l l i n g / .  
Transfers  can be made from one RM t o  another ,  so  t h a t  some 
coinponents o f  vector  X can be negat ive,  
Because volume of r e s e r v o i r s  i s  one of dec is ion  va r i ab les  and 
the c r i t e r i o n  (1) i s  influenced by disposable  flows i n  each de- 
L 
cade the model w i l l  a l s o  determine optimal s t r a t e g y  of u t i l i z i n g  
the  r e s e r v o i r s  / i . e ,  o f  con t ro l l ing  the outflows from r e s e r v o i r s  
i n  consecutive decades/. 
4.2. Decision va r i ab les  
V = (vl  , v2 ,  .. . ,vJ )  - volumes o f  indiv idual  r e s e r v o i r s ,  
X = (xl  , x 2 , ,  . . ,xK) - t r a n s f e r  flows i n t e n s i t i e s .  
4 . 3  Const ra in ts  
I n  ada i t ion  t o  c o n s t r a i n t s  l i s t e d  i n  sec.3.3 fol lowing condid 
t i o n ,  have t o  be f u l f i l l e d :  
Cons t ra in ts  or1 I-er e rvo i r  volumes: 
< V ( Vmax 
'min . 
Const ra in ts  on degree of r e s e r v o i r  f i l l i n g :  
0 6 ~ ( t )  ,( v 
Cons t r a in t s  on t r a n s f e r  i n t e n s i t i e s :  
c o n s t r a i n t s  on naximal d i sposable  f low 
iJD,( QDM 
4. Notat ion 
Types: A - abbreviat ion,  
M - matr ix  
S - s c a l a r  
'V - vec to r  
Components of v e c t o r s  and rows of mat r ices  correspond t o  
individua.1 R K ' s ,  colu~nns of mat r ices  /except  mat r ice  C commen- 
ted  i n  t h e  t e x t /  - t o  i n d i v i d u a l  decades. 
type no t a t i o n  meaning 
degree i r r i g a t i o n  due p re sc r ibed  b e s t  l e v e l  
index of non-re tu rnab le  water  use by ex te rna l  
p r i o r i t y  consumers 
RPL connect ion s t r u c t u r e  
i n c r e a s e  i n  value of a g r i c u l t u r a l  product ion due 
t o .  i r r i g a t i o n  
va lue  of the  MWSl model c r i t e r i o n  f u n c t i o n  inc re -  
a s e  due t o  expansion of t he  water  s y s t e ~ : :  
element of vec to r  F 
$r F i r r i g a t e d  a r e a s  
$r 'm& n ~ a x i m a l  i r r i g a t e d  a r e a s  
t y p e  n o t a t i o n  ,,leaning 
d e g r e e  of r e s e r v o i r  u t i l i z a t i o n  / f i l l i n g /  
!wAdSl cri-  ';erion f u n c t i o n  v a l u e  
s u b s c r i p t  f o r  r : , icroregi  ons Ri., 
i d e n t i t y  r ,a t r ix  
nu:.;be:c. o f  j -?servoirs  
mrlu.a; ca.;!itai. I.r:.vest:,ient r e p a y m n t  r a t e  2nd 
o?era?; i  an e ~ s t s  or' t,r*ansf ere; 
nur.her of w a  tela t1.m sf e r s  
i,,PiJS 2 c r i  t;e,yj r:n f u n c t i o n  value 
~;;c;ciel:.; o x  t h e  ?,!i s e r i e s  [5] 
i r r i g a t i o n  f l o w s  
minilnal , non-vioi .able  S i o l o g i c z l  f l o w  
d i s p o s a b l e  f l o w  
p r e s c r i b e d  d e s i r z b l - e  i r r i g a t i o n  l t v e l s  
niinimal f l o w  
maximal d i s p o s a b l e  f l o w s  
nlaxj-ma1 i r r i g a t i o n  f l o w s  
n a t u r a l  f l o w  
f l o w  of  w a t e r  f o r  ? x t e r n a l  p r i o r i t y  consuli.ers 
n o n - r e t u r n z b l e  p a r t  of  dp 
r e t u r n a b l e  p z r t  of  QP 
l e s s  i n t e n s i v e  i r r i g a t i o n  l e v e l  
4 m a  
QN 
dlP 
(21 B 
QYIB 
iulR 
type  n o t a t i o n  meailing 
M 12 2 consumption of water i n  unstrea13 r eg ions  
A R m i  croregion 
V S value of c o s t s  r e l a t e d  t o  i r r i g a t i o n  
S t number of decade 
S T number of ~ ieca t .~es  i n  vege ta t ion  per iod 
M U outflow of water  s t o r e d  i n  a r e s e r v o i r  
V V volur!~es of r e s e r v o i r s  
V V maxinal vo1ur:les of r e s e r v o i r s  
1.173.x 
min.irr,al volumes o f  r e s e r v o i r s  
M X water  t r a n s f e r  i n t e n s i t i e s  
i., X maximal wal;e;- t r a l s f  e r  i n t e n s i t i e s  
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MSc. Hanym I ietklewicz-Sazdan 
Systems Research I c s t i t u t e ,  Poll-sh Academy of Sc iences  
1 .  I n t r o d u c t i o n  
The d i i ' f i c u l t y  i n  s o l v i n g  the problem of op t imal  c o n t r o l  i n  
a complex water  r e sou rce  system stems from the  f a c t  t h a t  d i - s t r i -  
bu ted  q u a n t i t i e s  of water  should d i f f e r  bo th  w i th  regard  t o  t ime 
and wi th  regard  t o  p o i n t s  i n  the  a r e a  considered.  It i s ,  t h e r e f o r e ,  
a dynamic and rfiultidimenslonal problem. Beca,use of t h e  random na- 
t u r e  of p r e c i p i t a t i o n ,  c o n s t i t u t i n g  main water supply source ,  t h e  
problem i s  a l s o  s t o c h a s t i c .  
The p re sen t  s h o r t  d e s c r i p t i c n  concerns t h e  water  system of 
Upper Notek. S p e c i f i c  f e a t u r e s  of t h i s  a r e a  a r e  r e f l e c t e d  through 
g o a l s  of water  d i s t r i b u t i o n  and through complexity of water ne t -  
work /number of r e s e r v o i r s ,  f l ows ,  number and c h a r a c t e r i s t i c s  of 
water  users / .  
The main a i m  of water  d i s t r i b u t i o n  i n  t h e  system c o n s i s t s  
i n  minimizat ion of l o s s e s  i n c u r r e d  by water shor tage .  Depending 
on t h e  type of u s e r  t h e s e  l o s s e s  may have socio-economic /cog. 
f o r  a g r i c u l t u r e ,  f o r  i n d u s t r i e s / ,  socio-communal / f o r  households/ 
o r  environmental  / l o s ses  r e s u l t i n g  from t o o  low o r  t oo  h igh  l e -  
v 5 l s  cf water i n  r e s e r v o i r s  and i n  flows/ c h a r a c t e r .  
Opt imizat ion of water d i s t r i b u t i o n  i s  t h e r e f  ore  a  m u l t i c r i -  
t e r i a l  t a s k ,  which u l t i m a t e l y  can be made u n i c r i t e r i a l  by i n t r o -  
ducing a  su r roga te  of an o v e r a l l  u t i l i t y  f u n c t i o n  or by chosing 
acong given c r i t e r i a  the  one t o  be optimized and t r e a t i n g  t h e  
0-tiler ories a s  a p p  ropria+,e c o n s t r a i n t s .  
A s  trie bas i c  s o c i e t a l  t a s k  f u l f i ~ l l e d  by tile Upper T?oti?' 
~ ' e g i o i l  cons i z t  s i n  supply of a g r i c u l t u r a l  products  i t  i s  acs;::ned 
jler, tll:-.-t t h e  optirilization c r i t e r i o n  w i l l  only concern a g r i c : . ~ . l t u r e -  
Needs 01 other u s e r s  w i l l  be accour:ted f o r  through c o n s t r a i n t s .  
'l.j-!.is dces I L O ~  exclude t h e  p o s s i b i l i t y  of i nco rpora t ing  the  iidn- 
- .. r~ :<r ieu l tura l  u s e s  i n t o  the  c r i t e r i o n ,  i f  only a  common economic 
e f f e c t s  measure could be formulated.  It should,  however, be rea-  
lized, t h a t  such i n c l u s i o n s  w i l l  muchly i n c r e a s e  the  number of 
d e c i s i o a  v a r i a b l e s .  Besides that lile p r i c e  strut Lure p r e s e n l l y  i n  
f o r c e  i n  Eoland f o r  e g r i c u l t u r a l  and i n d u s t r i a l  products would 
make a  j o i n t  op t imiza t ion  very disadvantageous f o r  a g r i c u l t u r e .  
I n  compliance wi th  above it; w i l l  bs f u r t h e r  on assumed t h a t  
t h e  opt imiza t ion  w i l l  be aimed a t  maximizing of a g r i c u l t u r a l  pro- 
duc t ion .  Add i t iona l ly ,  a l l  t h e  c rops  i n  t h e  whole reg ion  a r e  sup- 
posed t o  measurable i n  some common u n i t s .  Optimization c r i t e r i o n  
r e p r e  sen t  s t h e  annual value of a g r i c u l t u r a l  product ion,  which 
depends on i r r i g a t i o n s ,  be ing ' func t ions  of t ime. The c r i t e r i o n  
i s  t h e r e f o r e  a  f u n c t i o n a l  def ined over a y e a r l y  time per iod de- 
noted by T .  Adoption of one y e a r  a s  a time horizon r e s u l t s  a l s o  
from the  assumption t h a t  t h e  vclwne of r e s e r v o i r s  i s  s m a l l  enough 
t o  ignore  t h e  i n t e r a c t i o n s  among consecut ive yea r s .  
The mathematical problem of water d i s t r i b u t i o n  opt in- iza t ion  
w i l l  be formulated i n  t h e  fol lowing way: 
A 
Time paths  of dec is ion  v a r i s b l e s  i ( t ) ,  ; ( t ) ,  ~ ( t )  (t) 
should be found such t h a t  f u n c t i o n a l  G r ep resen t ing  t h e  a g r i c u l -  
0 
t u r a l  production i s  rnaxbized: 
r " max G [w!.), r(*.) l  = G L ~ ( - \ ,  r j * ) ] ;  t < t  , t  +T;' (1) 
0 0 0 0 
' i V ( * , l ,  q ( * ) ,  x ( * )  9 . ( a '  
and that equat ions  r e s u l t i n g  f r c l m  flow balances lc water s )  _;ern: 
h 0 
~ [ ~ \ t \ , < \ ~ ) , ; j t ) , ~ [ t ) , r \ t ) , ' ~ ( t ) , ~ ( t ~ l = ~  f , 2 )  
as well  a s  i n e q u a l i t i e s  r e s u l t i n g  from c o n s t r a i n t s  on water l e v e l s  
In reservoirs and on fioits  i n  streams, and from needs of n o n - n ~ ~ r i -  
c u l t u r a l  use r s :  
G rn [Lt) ,  ;$), Get)] 5 0; ~r:=l  ,.. . ,M ( 3 )  
hold.  
A d d i t  i o n a l l  y: 
where: 1 
t - i n i t i a l  t i m ~  point  of .the opt imiza t ion  period,  defined 
0 
by the yea r ly  vegeta t ion  cyc le ,  
~ ( t )  - vector  func t ion  of a g r i c u l t u r a l  u s e r s '  consumption 
/of i r r i g a t e d  f i e l d s / ,  
q j t )  - vector  func t ion  of consun~ption of non-agrucultural  
u s e r s ,  
x ( t )  - vector  func t ion  of fiows i n  i n d i v i d u a l  branches of 
t h e  water n e t ,  
s ( t \  - vector  func t ion  of s t a t e s  i n  i n d i v i d u a l  r e s e r v o i r s ,  
r ( t )  - rarldom vec to r  f u n c t i o n  of p r e c i p i t a t i o n  f o r  i n d i v i -  
dual  c u l t i v a t e d  f i e l d  a r e a s ,  
rp(t) - random water l o s s e s  vec to r  f u n c t i o n  f o r  i n d i v i d u a l  
r e s e r v o i r s ,  
x o ( t )  - randorn v e c t c r  f u n c t i o n  of sou rces  and e x t e r n a l  in-  
f lows t o  t h e  water  sgstem, 
I - s e t s  of f e a s i b l e  / phys i ca l ly  
poss ib l e /  v a l u e s  of corresponding v a r i a b l e s .  
V a r i a b l e s  iv=th argument t denote rncmentary va lues ,  whi le  w ( * )  , q  ( 0 )  , 
\ 
x s 0 )  , r denote  t r a j e c t o r i e s  over ?;he whole per iod  ( -t +Tj. 0'  0 
3. Decomposition of t h e  Opt imizat ion Problen 
The problem ( 1 )  - ( 4) has  e very h igh  d imens iona l i ty .  I n  p a r t i -  
culer, the  vec to r  ~ ( t )  i n t r o d u c e s  many dimensions /number of irri- 
ga ted  f i e l d s  i n  t h e  region/ .  Equations ( 2 ) ,  however, because the  
i n d i v i d u a l  groups of u s e r s  / i . e . I b i r r i g a t e d  complexes"/ g e t  t h e  wa- 
t e r  from one water i n t a k e ,  can  be r e m i t t e n  t o  t h e  e f f e c t :  
wi th  
~ ~ [ q ~ ~  it)] = { W J ~  (t) : WJ 9 k  (t) = qd t 9 (5) 
where: 
~ " ~ ( t )  - consumption by k- th  u s e r  i n  j - t h  i n t a k e ,  
qdJ ( t )  - consumption from one i n t a k e  by j - th  a g r i c u l t u r a l  
u s e r  / " i r r i g a t e d  zomplex"/, 
J - number of i r r i g a t e d  complexes, 
K - number of  f i e l d s  /crops/ i n  t h e  j - t h  complex. j 
Sim-ul taneous ly ,  t h e  c r i t e r i o n  f u n c t i o n a l  c a n  be w r i t t e n  i n  a n  
a d d i t i v e  form: 
l ience, i.t i s  p o s s i b l e  t o  s o l v e  t h e  ta:;k (1 )  - ( 4  i n  two s t a g e s ,  de- 
cornposing t h e  1st s t a g e  problem i n t o  J d i s j  o i n t  subproblems,  pa ra -  
i 
n e t r i z e d  t i i rough t )  j=1, .  . . , J. Assurne tii:it i n  o r d e r  t o  e l f c c t i -  U 
v e l y  solve n n  o p t i r n i ~ a t i o ~  problem i t  may f u r t h e r m o r e  be d i s c r e t i z e d  
i i l  tirne tizroug?l d l v l s i o n  of y e a r l y  p e r i o d  i n t o  I 1 n t e r v a . 1 ~  / c .  G. de- 
cades/ ' .  i 2 ,  t h e  t a s k  (1) - ( 4) c a n  be r e f o r m u l a t e d  n s  a two- 
,-J 4 h h 
- l e v e l  s e a r c h  f o r  o p t i m a l  q  , q i ,  x .  s .  i z l , .  ..,I w i t h i n  t h e  
i 1' 1 
.L h 
u p p e r - l e v e ?  problem and f o r  o p t i m a l  WJ(t) , J=1 , . . . , J ,  i n  J subproblems 
o f  t h e  lower l e v e l ,  r e a l i z e d  a c c o r d i n g  t o  t l ~ e  f oll.owirig decompos i t ion  
p rocedure :  
max G o  [ l < i ( - )  , r ( . ) ]  ,ax [ i: max G J (W J .  ( i ) 9 r J < i ) ) ] =  
0 
J =1 
fi(.' ,!I(.) ,w)  , a-) q9X9s9qd W .(*) C Aly(qd ) j 1 I 
s u b j e c t  t o  d i s c r e t e  c o n s t r a i n - t s  2 - 5 )  w i t h  w J [ t )  = ,  . I 
where 
J q = { q . ;  j = I ,..., J. i = I ,  . , . , I }  
1 
J .  j j a r e  m a t r i c e s  o f  d imension  J x I w i t h  rows q , x , s , qdJ and  
I 
columns q x .  s i' 1' i q d i  r e spec t ive ly .  
Subscript  i denotes the  number of time i n t e r v a l .  It i s  assumed 
t h a t  the  flows: qi, Xi, qdi a r e  i a t e g r a l s  of q ( t ) ,  x i t )  and q d J t )  
over i - t l i  time i n t e r v a l ,  and the  d i s c r e t e  s t a t e s  of r e s e r v o i r s  s i 
a r e  taken a t  the end of the  i n t e r v a l s .  
The narlner i n  which t a sk  (7) i s  decorcposed i n t o  two l e v e l s  
i s  i l l u s t r a t e d  i n  Yig. 1. 1'1; should b~ rloticed that, tile dl:.:<. )-e t e  
t ilne i s  introduced only t o  the  upper-level problem. 
Fig.1 : Two-level s t r u c t u r e  of the  water 
d i s t r i b u t i o n  opt imizat ion t a s k  
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4 .  I r r i g a t i o n  System /IS/ Optimization Problem 
Optimization problem represented within the  formula (7) by 
expression i n  square brackets  together  with corresponding constra- 
i n t s  ( 5 )  i s  being solved on the  lower l e v e l ,  i . e .  l o c a l l y ,  f o r  
c o n t r o l l e d  i r r i g a t e d  complexes c a l l e d  f u r t h e r  on i r r i g a t i o n  sys- 
tems /IS/. This problem can be presented i n  the  fo l lowing way: 
i i 1 , / wJ i . ) t ~ & $  
i 
1 I IS: i r r i g a t i o n  sys- 
- 
' i  I
I 
-4 tern 
I 
I  1 I 
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_ _ _  
For a l l  j  E [ 1 , J] f i n d  t h e  s e t  of time f u n c t i o n s  /optimal 
i r r i g a t i o n s /  
j  k ( (t) ,  k = 1 ,  . . . , K . }  c ~ ~ ~ ( 9 : )  J 
jk jk  def ined over t h e  time i n t e r v a l s  /vegetat ion ~ e r i o d s /  [ to , t, 1, 
Jk y i e l d i n g  k-th crops  i n  t h e  j - th  IS i n  the  harves t  time point  t l  
equal  t o  
j s a t i s f y i n g  c o n s t r a i n t  ( 5 )  with d i s c r e t e  qd 
and maximizing production value of the j - th  IS ,  i . e .  
max j ~ , 1 - J 1  G ( f  [W ,-(*) , rJ(*)'j, . f~ sKJ[*J *Kjk) ,rJ (.)]] = 3 , l  v (*),  ..., w j  ,Kj (.I 
I n  the  above n o t a t i o n  f j P ~ ( .  ,.) i s  t he  so-called crop f u n c t i o n a l  
f o r  k-th crop i n  j - th  IS. It r e s u l t s  from t h e  crop growth model 
and from the  s o i l  moisture model f o r  given a rea .  Maximal production 
value f o r  t h e  j - th  IS - 6' - i s  a funct ional  on a l l o c a t e d  t o  t h e  
system water resources  qJ and p r e c i p i t a t i o n  r( t ) .  The above lower- d i  
- l e v e l  problem w i l l  a l s o  be d i s c r e t i z e d  i n  t ime, but more densely 
t h a n  the  upper-level problem. That i s  why i n  t h e  present  descr ip-  
t i o n  i t  has  been i l l u s t r a t i v e l y  t r e a t e d  as continuous. 
5. Water Management System /WIS/ Optimization Problem 
5.1.' Inequa l i ty  Cons t ra in t s  
The upper- level  problem c o n s i s t s  i n  maxirn iz~t ion  of the  sum of 
s u b j e c t  t o  c c n s t r a i n t s  (2'h ( j ) ,  1 4 )  lr. t h e i r  d i s c r e t e  forms.  
S o l u t i o n  t o  t h i s  p r a b l e n  I s  attained i n  t h e  b r o a d e r  / s e e  F i g . l /  
Wat'er Idkinagemelit System /50:S/, 
a c c o u r ~ t e d  f3r i n  t he  C T - ~ ~ L ' Y ;  i)lL (i i j  snd  r e p r e s c n t i r ~ g  z l s o  t i  :. s o c i a l  
and er,virgnmexjjal 2 l m s  of 73s:. t;r- 2 i s t ; r i h u . t i o n ,  can be Elore p?-(;ri. s e l y  
f or'mul.~ted zip f o l l o w s :  
. . 
a/ For  nos-agricultura1 w2.ter u s2r.s sc?t:i sf a c i i o n  of t h c . i r  nt?eds 
is essumed t;, b e  z:;sureJ viS ti gl:,ren p r o b a b i l i t y .  Nor_-;:?tis- 
f a c t i o n  i r l  needs  ma.y o c c u r  b e c a , ~ s e  01' random changes  i n  r e -  
s o u r c e s  availab;:.. The 5j .m oi' :v~;lter c i is- t r i i ju  t . im Is  t ,o  main- 
tail1 l i m i t  l e v e i  ae f ined  IIJ' ;;c-call,cd g u a r a n t e e s ,  d i f f ' c r i n g  
for d i f f e r e n t  u s e r s ,  Such  g u a r a n t e e s  rrBy c o n c e r n  f u l l  needs  
o r  j u s t  minimal  vo1ura.e~ e n s u r i n g  r e a l i z a t i o n  o f  u s e r ' s  b a s i c  
t a s k s ,  a c d  t h e y  car1 ~~~~~~~~~y be w r l  t t e n  as c o n : ; t r a i n t s  on 
magn i tudes  o f  a p p r o p r i a t e  p r o b a b i l i t i e s :  
where: d, - v e c t o r  of  g u a r a n t e e  p r o b a b i l i t i e s ,  i 
qfW - v e c t o r  of war ran ted  l e v e l s .  
C o n s t r a i n t s  of t y p e  (12)  may a l s o  be f o r m u l a t e d  f o r  u s e r s  
accoul i ted  f o r  i n  t h e  o p t i m i z a t i o n  c r i t e r i o n .  
b/ O t h e r  soc io -env i ronmenta l  o b j e c t i v e s  a r e  c o n s i d e r e d  t h r o u g h  
c o n s t r a i n t s  &in t o  (1 2), w i t h  y a r a n t  e e s  conce rn ing  mini-  
m a l  and maximal f l o w s  i n  s t r e a m s ,  and minirnal and  maximal 
l e v e l s  i n  r e s e r v o i r s .  
Choice of %aran tee  paramzters  c o n s t i t u t e s  a cornprcmise among a l l  
t h e  aims of water d i s t r i k u .  t ion .  This cornprornise should comply wi th  
t h e  concept of development of g iven  reg ion .  It should be emphasi- 
zed he re ,  t h a t  t h e  c o n s t r a i n i n g  a c t i o n  of gua ran tees  depends upon 
p r o b a b i l i t y  d i s t r i b u t i o r l s  of p r e c i p i t a t i o n  arid o u t s i d e  in f lows .  
'Jhen programming t h e  guarantee  parameters  one should then  a l s o  
t s k e  i n t o  account  c l i m a t i c  eond i t i one  of t h e  r eg ion .  
5 .2 .  E q u a l i t y  C o n s t r ~ i n t s  
C o n s t r a i n t s  ( 2 ' ) a n d  ( 4 )  r e p r e s e n t  phys i ca l  i i m i t e t i o n s  t o  t h e  
v , ~ t e r  network of t h e  system. They w i l l  be presen ted  here  f o r  the 
s in lp l i f i ed  network s t ruc t l l r e .  If t h e  network can be d iv ided  i n t o  J 
p a r t i a l  watersheds comprising each one r e s e r v o i r ,  one i r r i g a t i o n  
system and one non-ag r i cu l tu ra l  u s e r ,  then the  balance equa t ion  of 
t h e  n e t  can be decomposed. For  t h e  j - t h  p a r t i a l  watershed t h i s  
equa t ion  can be w r i t t e n  as: 
where: xJ" - i n f low int ,o t he  j - t h  watershed from o t h e r  watershed i i n  t h e  i - t h  s t a g e ,  
x j Y 2  - c o n t r o l l e d  outf low from t h e  r e s e r v o i r  i n  t h e  i - t h  i 
s t a g e ,  
j t 3  - o u t f l ~ w  fram j - t h  watershed i n  t h e  i - t h  s t a g e ,  X. 
1 
j  
- consumption of water by a g r i c u i t u r a l  i r r i g a t i o n  
'di 
system i n  t h e  i - t h  s t a g e ,  
j 
- consumption of water by non-ag r i cu l tu ra l  u s e r  i n  t he  
'i 
i - t h  s t a g e ,  
s j  - s t a t e  of j - th  r e s e r v o i r  a t  t h e  end of t h e  i - t h  s t age .  i 
In t e r connec t ions  of i n d i v i d u a l  p a r t i a l  watersheds a r e  descr ibed  i n  
t h e  0-1 ma t r ix  de f in ing  the  network s t r u c t u r e .  F c r  t h e  r e a l  water  
n e t  the  balance equa-t ions a r e  c s r t a i n l y  more i n t r i c a t e  because i n  
each  p a r t i a l  watershed t h e r e  may be s e v e r a l  u s e r s  w i th  d i f f e r e n t  
p o i n t s  of i n t a k e  and d i scha rge ,  s e v e r a l  i n p u t  and a l s o  output  s t reams,  
and not a l l  of them may b e  c o n t r o l l e d .  This  causes  i n c r e a s e  i n  num- 
ber. of v a r i a b l e s  and compl ica tes  tiie n o t a t i o n ,  but i t  l e a v e s  uri- 
changed t h e  q u a l i t a t i v e  c h a r a c t e r  of i n d i v i d u a l  s e l a t i c n s .  
6. A Concept f o r  Approximate So lu t ion  of WvlS Problen 
Thc optimiza-tfion t a s k  as  formulated above ever1 wi th  a l l  the  
~ i m p l i f i c a t i o n s  in t roduced i s  t o o  corrlplex t o  be solved on l i n e  as  
a whole. The b a s i c  u i f f i c l l l t y  l i e s  i n  tile i n e q u a l i t y  c o n s t r a i l i t s  12; 
on p r o b a b i l i t i e s .  Ilence, t h e  fo l lowing  method f o r  approximate solu- 
t i o n  i s  prc2csed:  
kssume i n i t i a l l y  t h a t  t h e r e  i s  a plan  f o r  water d i s t r i b u t i o n  
f o r  subsequent decades,  def ined  with parameters  
f o r  i = 1 , .  . .,I; j = l ,  . . . , J  
For  o p e r a t i v e  c u r r e n t  c o n t r o l  c e r t a i n  a r b i t r a r y ,  but i n t u l t i -  
v e l y  well-based l i n e a r  d e c i s i o n  r u l e s  a r e  in t roduced  /see e.g. 
Ch.Hevelle, E . Joeres ,  W.Kirby: The l i n e a r  d e c i s i o n  r u l e  i n  r e s e r v o i r  
rrianagement and design.  1 / Developriient of t h e  s t o c h a s t i c  model. ?dater 
Resources Research,  5 (41, 1969, as wel l  as ot l ier  works i n  t h e  f i e l d / .  
These r u l e s  de f ine  t h e  r e l a t i o n  of consumption by j q 2 a n d  
users q d i '  
outf lows from r e s e r v o i r s  X J ' *  i n  c u r r e n t  t i n e  i n t e r v a l s  i t o  pre- 
1 
j c i p i t a t i o n  r .  , s t a t e s  of r e s e r v o i r s  s? and t o  planned v a l u e s  1-1 1-1 
where Ri-matrix of appropriate  
dimensions, 
Faking i n t o  account (1 6) the  upper-level opt imiza t ion  t a s k  - [ I  1) , 
(2 ' , \ 3 ) ,  ( 4 ) - / t he  planning t a s k  within vflii~/ - car1 be represen- 
ted i n  the  form: 
J 
\ - '  
1 max j =1 d ' 
X X X  
q 9 s 9 9,l 
(4 ' I' 3 A X  (1 6 \ I A:* + Bqd + CkX I d 
d i s t r i b u t i o n  ( 
funct ions  of 
random 1 
dis turbances  1 
j where fikJ i s  an expected value of the  random vector  r . 
l a t r i c e s  A ,  I3 and C r e s u l t  from the  ne t  s t r u c t u r e  2 ,  and wcctor d  
depends on d i s t r i b u t i o n  func t ions  of random magnitudes rfi ,  r .  
~ 1 '  
0 
x .  and on guarantee p a r m e t e r s  given. 
1 
Solving equat ion j17),  (1 0 )  one obta ins  o p t i m a l  values  of plan 
parameters (1  5 \. 
Luch an approach was appl ied  with good r e s u l t s  t o  opt imizat ion 
problems f o r  one-reservoir systems /see Revelle e t  a l . ,  op. c i t  ./. 
h'or a  complex n e t ,  comprising many r e s e r v o i r s  /e.g. the  Upper liotek 
system/ c o n s t r a i n t  ,181 takes the  form of vec to r  i n e q u a l i t y  with 
very  high d imens iona l i t y  / s e v e r a l  thousand components/, whose d e f i -  
n i t i o n  i s  connected with u i f f i c u l t i e s  i n  e x p l i c i t  formulation of 
(2 ' )  with regard  t o  a p p r o p r i a t e  v a r i a b l e s .  Th i s  problem can be e f f e c -  
t i v e l y  solved throudh decomposi t ios  by t a k i n g  advantage of s p e c i f i c  
f  ea . tures  of water ne t .  Add i t i ona l  decrease  i n  problem's  dimensio- 
n a l i t y  / f o r  t ime-d i sc re t e  fern/ cap. be obta ined by d i v i s i o n  of y e a r  
i n t o  t h r e e  pe r iods :  p re -vege ta t ion ,  v e g e t a t i o n  and pos t -vege ta t ion  9 
i n  which d i f f e r i n g  a i m s  of water  d i s t r i ~ u t i o n  a r e  considered.  For 
i n s t a n c e  i n  t h e  pre -vege ta t ion  per iod  t h e  f i n a l  s l a t e  of t h e  r e s e r -  
v o i r s  can be maximized with due account; t o  v a r i o u s  weights of r e -  
s e r v o i r s '  u t i l i t i e s  r e s u l t i n g  from th3j.r p o s i t i o n  i n  t h e  n e t  / f l e x i -  
b i l i t y  i n  water  handling/  and from l o s s e s  of water  i n  r e s e r v o i r s .  
Independently 01 t h e s e  sirriplifying methods i t  should be a n t i c i -  
pa ted  tha t  t he  e f f e c t i v e  s o l u t i o n  of t he  op t imiza t ion  problem w i l l  
n e c e s s i t a t e  i t s  re formula t ion  t o  l i n e a r  o r  q u a d r a t i c  p r~graml~i ing  
t a s k .  
A t t e n t i o n  should a l s o  be p a i d  t o  fol lowing s p e c i f i c  f e a t u r e  of 
t h e  problem (1  6 )  , (17) .  The f a c t  %hat  t h e  c r i t e r i o n  does no t  de- 
H H pend on s .  and t h a t  q* and si a r e  connected. but  through i n e q u a l i t y  
1 d i  
c o n s t r a i n t s  means t h a t  s o l u t i o n s  of t h e  problem do no t  y i e l d  unique 
W . A 
va lues  of s but  r a t h e r  c r r - t a i n  f e a s i b l e  d e c i s i o n  domzin Asr ( q d x ) .  
" t h e  s t a t e s  of r e s e r v o i r s  can be chosen gccording I n s i d e  iIsW ( qd ) 
t o  a d d i t i o n a l  p r i n c i p l e s ,  ensu r ing  the  most f l e x i b l e  use of water:  
g a t h e r i n g  of water  i n  t h e s e  r e s e r v o i r s ,  from which t h e  water  i s  ava i -  
l a b l e  t o  t h e  g r e a t e s t  p o s s i b l e  p o r t i o n s  of t h e  n e t  and t h e  l o s s e s  
o f  water a r e  minimal. Th i s  a d d i t i o n a l  t a s k  can  be solved by l i n e a r  
programming. 
7.  Funct ion ing  of t h e  Cont ro l  System 
Current  r e a l i z a t i o n  of t h e  above descr ibed  p l an  f o r  water 
d i s t r i b u t i o n  /ope ra t ive  con t ro l /  con . s l s t s  f i r s t  of a l l  i n  apply- 
i n g  d e c i s i o n  r u l e s  d e f i n i n g  c o n t r o l  oi '  water consumption and re -  
s e r v o i r  ou t f lows  as a . d ~ p t e d  f o r  t he  t a s k  of p lanning above. 
I n  case  of n o n - r e a l i z a b i l i t y  of u e c i s i o n  r u l e s  i t  i s  p o s s i b l e  
X .  " X 
t o  rnouify c u r r e n t l y  s inside A , ( .id ) accordirig t o  the pri i7iciple i s 
of water g a t h e r i n g  descr ibed  i n  zhe p l a n i n g  t a s k  above. 
Subsequent f u n c t i o n  of t h e  opera- t ive  c o n t r o l  c o n s i s t s  i n  
d i s t r i b u t i o n  of water  anong v a r i o u s  c rops  w i th in  one I S  deperAding 
on t h e  l o c a l  hyd ro log ica l  c o n d i t i o n s  and on t h e  s t a t e  of cui-Lure 
/which, i n  t u r n ,  depends upon many random f a c t o r s / .  :if t h i s  does 
n o t  e n t a i l  changes i n  q'J t han  a d d i t i o n a l ,  s t r i c t  d e c i s i o n  ru l - e s  d i  
a r e  not  necessary  i n  view of l o c a l  e f l ' e c t s  of c o n t r o l .  Otherwise 
t h e  f u n c t i o n i n g  must fo l low t h e  d e c i s i o n  r u l e s ,  o r ,  i f  they a r e  
n o t  s p e c i f i e d ,  t h e  need may a t  some time po in t  a r i s e  t o  so lve  
anew tne  op t imiza t ion  /planriing/ problem beginning with t h e  cur- 
r e n t  time po in t  t i l l  t h e  end of t h e  year  /hence i n  a shor tened 
t ime horizon/.  
I n  t h e  water  c i i s t r l b u t i o n  node l  d.escribed here  orlly t h e  
planning t a s k  f o r  t h e  whole ViNS i s  being t ack led  c e n t r a l l y  f o r  
t h e  whole reg ion .  op t imiza t ion  and ope ra t ive  c o n t r o l  of i ~ d i v i -  
d u a l  I S ' S  a r e  r e a l i z e d  l o c a l l y ,  and Por t h e  purposes  of p lanning 
j I S ' S  t r ansmi t  t o  'flvis aggregated va lues  of c r i t e r i a :  6' (qd,  h z J )  
f o r  va lues  of qj  proposed by Y i h l .  d i  
Operat ive  c o n t r o l  of WMS i s ,  owing t o  a p p l i c a t i o n  of dec i -  
s i o n  r u l e s ,  a l s o  r e a l i z e d  l o c a l l y  f o r  each r e s e r v o i r  and each 
u s e r .  This ,  however., n e c e s s i t s t e s  t h e  assumption t h a t  l o c a l  de- 
c i s i o n  makers observe the d e c i s i o n  r u l e s  independent ly  of t h e i r  
s u b j e c t i v e l y  eva lua ted  i n t e r e s t s .  I n  p r a c t i c e  i t  may t u r n  out  t h a t  
f o r  persuading d e c i s i o n  makers t o  fo l low d e c i s i o n  r u l e s  more a t t e n -  
t i o n  should be paid t o  t h e i r  s impl ic iLy and p o s s i b i l i t y  of t e s t i n g  
and t o  psychologica l  mo t iva t ions  of d e c i s i o n  makers. 
8. F i n a l  Remarks 
The s i m p l i f i e d  method presen ted  here makes it  p o s s i b l e  t o  
e f f e c t i v e l y  c ~ n t r o l  t h e  complex water n e t  comprising a wide land  
a r e a  and many d i spe r sed  u s e r s .  
Procedure proposed assumes ex i s t ence  of c rop ,  s o i l  mois ture ,  
and r a i n f a l l - r u n o f f  models. Each of t hese  i s  i n  i t s e l f  a  s e r i o u s  
problem, r e q u i r i n g  vast, amount of r e s e a r c h  work. 
O f  e s s e n t i a l  iirlportance f o r  the wilole problem i s  determina- 
t i o n  of guaran tee  p . ~ r a m e t e r s ,  which should be def ined  from the 
viewpoint  of g l o b a l  socio-economic t a s k s  of t h e  g iven  r eg ion .  
REGIONAL DEVELOPMENT MODELLING - LABOR, INVESTMENTS AND 
CONSUMPTION ALLOCATION POLICY IMPACT 
by R. Kclikowski 
I IASA 
In many countries, a growing demand for computerized 
regional models, which could be used for long term socio-. 
econc;mi.r: pl  annil-ig exlstu . For example, in Poland, the p!.ar;ried 
sconorny requires -that the decisi.ons regarding the allocatisn 
of procluc~:~an factors '(1. e. Ckie productive capital and labor) 
are optimized a t  each regional level. A multilevel decentral- 
ized system of regional planniny and manage~ent for that pcrpose 
exists (with the Planning Commission at the top and Voivodship 
Planniny Units on the second level). The srnallsst administra- 
tive ili~it (qmina) consi.s.ts' usuaI . ly  of an urban ceriter with an 
agriculture neighborhood. 
Regional planners are concerned with the allocation of 
local resources, production, consumption and they exchange 
the information with higher level units. They would like to 
achieve the optimum local results while the higher levels are 
concerned with the coordination of local proposals with 
national goals and strategies. It is important that. the 
local comparative advantages in production are utilized in the 
interest of the whole country, while the regional standard of 
living is maximized (though not at the expense of the rest of 
the country). The multiobjective goal structure and 
complex socio-economic factors involved require that a number 
of different regional policies, scenarics and strategies be 
investigated before a decision is taken. 
Decision makers feel that a "good" computerized regional 
model may be very useful for the investigation of different 
developments and, in particular, the investment alternatives. 
The production factor's budget is usually predetermined by 
macro-economic analysis and a number of localization alterna- 
tives are being studied. It is Selived that the investment 
localization decisions should take into account regional 
economic aspects (such as, agglomeration benefits) as well as 
socio-economic factors, including employment, migration, stan- 
dard of living, environment, pollution, etc. 
As a typical example, the lsrge irrigztion project in the 
Upper Notec Region in Poland can be mentioned. Since 
investment funds are limited, decision makers would like to 
know what the optimum size of the irrigation project should be. 
It is expected that the irrigation will increase the regional 
agriculture production. However, the agriculture output 
depends on (besides water) other factors including firstly 
the labor force which is presently migrating out of the region. 
There is a large percentage of small, privately owned, farms 
in the Notec ~egion which can hardly utilize the benefits of 
large scale irrigation. The structural and technological 
change, which takes place in the Polish agriculture, has also 
an important impact on the production efficiency. All this 
indicates that the estimation of the benefits of the Notec 
Project as well as the investment size of the project, is not 
easy and can hardly be done without a good regional policy model. 
The present paper is concerned with the methodology of 
policy-oriented models for the evaluation of investments and 
consumption impacts on regional growth. The region is regarded 
as part of a larger region or the whole country. The optimum 
1-abor allocation and economic benefits resulting out of labor 
migrations have been derived for Polish Voivodships system. 
Then the migration models and t h e  cost of migration were 
studied. An attempt has been made to endogenize the migration 
model within the regional model structure. Using these results, 
the regional policy model was proposed and analyzed. 
2. OPTIMUM L,ABOR ALLOCATIGN AND ECONOMIC IMPACT OF LABOR 
MIGRATIONS 
---- 
Consider the model of n regions, Ri, i = 1, ..., n, within 
a given country, each inciuding the rural (Ai) and urban (U. ) 
1 
part, as shown in Figure 1. The number of workers at A and Ui i 
are denoted by Lia and 1,. respentively. Introduce also the notion lu 
The number of rural and urban migrants per year ( M ~ ~ ~  Miu) 
determine the net (balance) urban inflow: 
In a similar way, the net inflow of migration for region 
Ri is: 
Figure 1 .  A model of systems of regions Ri, 
each including a rural Ai and urban 
Ui part. 
where 
Mji = inflow of migrants from R to Ri (Mji = - j Mij) . 
The regional economy is described by the so called 
"Cobb-Douglas" production function: 
where 
Xi = regional product 
Ki = regional productive capital 
Ail Slit B2i = given positive coefficients 
According to the general theory developed in [31, the 
inputs K,, Li satisfy the nonlinear, monetary constraints: 
I 
where w 1' w2 are the prices (i.e. wages and rent of capital) 
attached to Lit Ki while Lit Ci are the cost of labor and 
capital. 
As shown in [3] the regional agglomeration creates the of 
scale benefits (i-e. Bi > 1 )  but at the same time the increased 
input costs (i.e. 'li > 1, '2i > 1) appear, which counter 
balance the of scale benefits. 
The regional economy is supposed to operate under 
optimal conditions, i.e. the allocation of capital and choice 
of production technology over time and space follows the labor 
available (or vice-versa) , as in [31 : 
while Ci, Zi are chosen in such a way that: 
Under this strategy, the output production in monetary terms 
- Yi - pixi (where pi = marginal production cost) attains a maximum 
subject to the condition that the output generated is accrued t(2 
the factor endowments, i.e. Yi = ci + zi (ali + "2i = 1 )  
As shown in [3] the unknown paramters pli, p2il yliI Y2i 
W 
and prices 2/wl, pi can be estimated from the statistical data 
K v 
regarding i/Li, L ~ ,  i/Li. ~ssuming for this purpose that the 
regional economy operates under the optimality conditions of 
(2) and (3), one has to fit the relations: 
I log - = log c + bli log Li , 
Li 1 i 
K 
log i'L = log C2i + b2i log Li I i 
where 1 
c = p.A c '2 1 i 1 i 2i 2i 
to the statistical data available. 
An important task is to estimate the production function 
parameters for major regions of the country. In Poland, for 
example, the regional data are being collected according to 
the Voivodship structure. There were 17 Voivodships before 1976 
and according to the new admistrative division, there are 
presently 50 Voivodships in Poland. Since the time sequences 
are rather short, [7], t.he cross-regional estimation approach 
is most advisable. It gives 17 or 50 samples for a chosen year 
but at the same time some regional properties are inevitably 
neglected. A combination of cross-regional and time analyses is 
therefore more appropriate. As an example, in Table I the data 
for 17 Voivodships in 1973 have been given. Using least squares 
and assuming y = yl , y2i = y2, i = 1 . . . 1 7  the estimates 1 i 
y1 = 1.10, y2 = 1.09 have been derived and the corresponding 
values of B l i  = yluli, BZi - y2(1-uli) were computed. However, 
- the fitting under the assumption y 
= yl, y2i 1 i - y2, i = 1,...,17 
does not seem to be the best possible and a combination of a 
cross-regional and time series estimation is planned in future,. 
The regions should then be grouped according to the economic 
specialization. 
It should be observed that the urban and rural production 
functions (within each region R . )  can be written in a form 1 
similar to ( I ) ,  i.e., 
and the Bjiut Bjiat yjiut yjiat j = 1 ,2, paramters can also be 
estimated by using corresponding statistical data. 
The main problem which faces us in the present section is 
the derivation of optimum regional employments Li = Li, 
i = 1, ..., n, which maximize the gross national (or regional) 
product: 
- 
No. 
-. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
Table 1 
Estimation of Production Function Parameters for 
Polish Voivodships 
Voivodship 
Bialostockie 
Bydgoskie 
Gdanskie 
Katowickie 
Kieleckie 
Koszalinskie 
Krakowskie & Krakow 
Lubelslcie 
Lodzkie & Lodz 
Olsztynskie 
Opolskie 
Poznanskie & Poznan 
Rzeszowskie 
Szczecinskie 
Warszawskie & Warszawa 
Wroclawskie & Wroclaw 
Zielonogorskie 
POLAND 
subject to the condition that the total employment is not 
greater than given number L, i.e. 
Since the regional macrodata, regarding production and 
capital, are usually given in monetary terms, the problem 
( 6 )  and ( 7 )  can also be expressed (by elimination of 
'i Yli 
Li = (-) and Ki = (-) Ci Y2i ) in the form: 
'Jl W, 
C1 
n qi i 
max C Fi zi I Z.EQ i=l 
1 
where 
n 
Zit Z = regional and total labor cost respectively. 
The optimization problem formulated in the case when 
a = a, i = 1, ..., n, can be solved explicitly. Indeed, since i 
the objective function (8) is strictly concave in the compact 
A 
set fi the unique solution zi = Zit i = l,...,n exists and can 
be easily derived [ 3 ]  : 
where 
n 
F =  C F i  . 
i=l 
When Zi = ulLi, i = l,..,n the last relations can be 
written in the simpler form: 
where 
- 
I 
 -
'i Li = labor efficiency, i.e. production per worker. 
In order to estimate the labor shortages in the given 
region, one can introduce the indices: 
A 
the additional labor needed with respect to the existing enploy- 
ment L i ' When L: < L i  one can say that there exists an excess of 
labor in the region studied. 
Since 
and 
1, 
one obtains: 
1 
1 /q Taking into account that Gi = (piAi) Ki One can see that 
the shortages of labor in the region Ri increase along with new 
K 
capital investments, i. e. i / ~  
1. 
In the case of xi # 0, i = 1, ..., n, one can derive the 
losses due to the nonoptimum allocation of labor in terms of 
G N P .  For this purpose it is necessary to derive the difference 
A = Y - Y between the G N P  generated under the optimum allocation 
of labor resources ( Y )  and the real G N P  generated (Y) . 
It can easily be shown that 
while 
Then, 
F.nother important index of economic benefits is the G N P  
increase resulting from elementary (Si = one worker) in migration: 
where 
One easily finds 
For "small" labor migrations S one can also write: i ' 
I n  t h e  c a s e  when t h e  sys tem of  r e g i o n s  i s  c l o s e d  w i t h  
n  
r e s p e c t  t o  m i g r a t i o n s  C Si = 0 .  
i= 1
The g e n e r a l  formulae  ( 1  1 ) and ( 1  3 )  f o r  t h e  c a s e  o f  two 
- ( c l o s e d  w i t h  r e s p e c t  t o  m i g r a t i o n )  r e g i o n s ,  i . e .  x l  - -x = x ,  
- - 2  
(S1 > 0 ,  S2 < 0 ,  Y2/ < 1 )  y i e l d :  
y  2 
and t h e  r e s u l t i n g  b e n e f i t  i s  a = alY1 - a2Y2- Then t h e  t o t a l  
'ia b e n e f i t  tc t h e  s u b r e g i o n  R c o n s i s t i n g  o f  r u r a l  ( w i t h  yia = -) 
Y i i u  - - i a  
and urban ( w i t h  yia = - L i a  + Liu - Li , ' ia + Yiu  - Y i )  L i u  
p a r t s  becomes: 
.In o r d e r  t o  f a c i l i t a t e  t h e  computa t ion  of  economic b e n e f i t s  
r e s u l t i n g  from t h e  m i g r a t i o n s  i n  Tab le  I1 t h e  b a s i c  d a t a  f o r  t h e  
sys tem of  Voivodships  i n  Poland a r e  g i v e n .  These d a t a  were chosen 
from t h e  Main S t a t i s t i c a l  O f f i c e  (G.U.S.) p u b l i c a t i o n s  [ 7 ]  and 
t h e  r e s u l t s  of  t h e  e s t i m a t i o n  of a p a r a m e t e r s  g i v e n  i n  Tab le  I i 
were a l s o  t a k e n  i n t o  a c c o u n t .  The v a l u e  of a ( f o r  t h e  computa- 
1 2  
t i o n  of  xi has  been assumed e q u a l  a  = - (q  = -) which i s  c l o s e  3  3  
t o  t h e  a v e r a g e  v a l u e  o f  a= 0.66.  For t h e  a g r i c u l t u r e  p a r t  of  t h e  
r e g i o n a l  economy, t h e  v a l u e  of a = 0.68 has  been assumed. The 
r e a s o n  i s  t h a t  t h e  r u r a l - u r b a n  m i g r a t i o n  comes mos t ly  from 
s m a l l  p r i v a t e  farms w i t h  a  p r o d u c t i o n  f u n c t i o n  hav ing  a c l o s e  t o  
0.68 ( s e e  [ 4 1 ) .  
T a b l e  I1 
No. 
Economic B e n e f i t s  R e s u l t i n g  o u t  o f  M i g r a t i o n s  Among P o l i s h  Voivodships  i n  1 9 7 3  
Voivodship 
Bialostockie 
Bydgoskie 
Gdanskie 
Katowickie 
Kieleckie 
Koszalinskie 
Krakowskie & Krakow 
Lubelskie 
Lodzkie & Lodz 
Olsztynskie 
Opolskie 
Poznanskie & Poznan 
Rzcszoxskie 
Szczecinskie 
Warszawskie & Warszawa 
Wroclawskie & Wroclaw 
Zielonogorskie 
- 
Then, using formulae ( 1 1 ) , ( 13) and (1 4) , the values of 
* - 
X i' a ,  c have been derived and given in Table 11. It is i 
interesting to observe that the mostly agricultural Voivodships 
(e.9. No. 1, 5, 6, 8, 10 and 13) possess large surplusses of 
labor (xi is around -70$), while the industrial regions (e.y. 
No. 3, 4 and 15) have considerable shortages of labor. When a 
worker is transfered from the Voivodship No. 1 (where xi = 70%) 
the net benefit to the national economy is a4 - al which is 
58345 zl - 32437 zl = 25908 zl. That benefit is over 62% larger 
than the similar benefit for the migration to Voivodship No. 2, 
i.e. 58345 zl - 42366 zl = 15979 zl. 
At the same time the benefits to the Voivodship No. 2, when 
one worker migrates from a rural to an urban area (within the 
Voivodship No. 2) is: 
- 
a = 23387 zl. 2 
It is possible to observe that using the indices of Table 
11, one can easily compute the economic benefits for a given 
Si 
migration structure provided the migration rates -- are small 
Li 
numbers. In the last years, the intervoivodship migration rates 
were not larger than a few percent. In the case of larger 
migration rates, the approximation of Yi(Si) by a.S is not 
1 i 
accurate enough and one has to use the general A expression (12). 
It should also be observed that the ~.ethod of evaluation of 
economic benefits discussed can also be applied in the case of a 
decentralized administrative system of regions, in which each 
Voivodship is subdivided into smaller units (such as, for example, 
* 
The computation of xi was done by W. Kulikowska. 
"gmina" and "solectwo" in Poland). The decentralized system of 
data acquisition, existing in Poland, enables the computation of 
- 
a a indices. i' i 
3 .  MIGRATION MODELS AND THE COST OF MIGRATION 
An abundant literature exists on rural-urban and inter- 
regional migration models (see, for example, [2] and [6] ) . 
Regarding the migration and settlement system in Poland, 
relevant information and useful data are included in [I]. The 
present paper is concerned with formal migration models. The 
basic idea employed rests on the assumption that the potential 
migrants base the decision to move on the ratio of utilities 
u 
U = '/U1 , attached to the source residence area (R,) and the 
destination residence area R2. 
Since the number of migrants in a large population is pro- 
portional to the population size (P ) it has become customary 2 
to deal with the migration rate s2 = -52 /p2 , where S is the net 2 
(balance) number of migrants coming to region R2 from region HI. 
Generally, the migration rate depends also on the distance between 
R1 and R2. For the concrete regions chosen, the distance may 
be regarded however as a constant parameter. 
A typical migration model of the two regions (R1, R2) system 
can be described by the relation: 
P2 + 5 2  
- - 
u2 1 + s 2 = d -  , 
p2 
d = constant . 
u1 
The utilities U1, and U2 are assumed as the product of 
a 
FVv indices: 
where 
i 
fv (i = 1, 2) = factors influencing migrants' decisions, 
such as income, personal and aggregate consumption level, jobs 
and housing available, service level, environment pollution, 
social amenities, etc; 
m 
a = positive numbers, ( 1  . 
v C av - 
v=l 
Since 
one can say that a express the migrants' sensitivity to the 
v 
elementary change of the Fv index. When av is close to zero 
the corresponding index can be dropped fron the migration model 
When the model is supposed to be used for socio-economic 
planning, the general methodology can be summarized as follows: 
a) try to fit the model (ex post) to the available regional 
data by using regression analysis, i.e. estimate the values 
of d and av, v = 1, ..., m, parameters; and 
b) assuming that the migrants' behavior and residential 
preferences do not change much over time, use the model 
in the ex ante sense. 
The main problem when one wants to use this methodology 
to construct models for rural-urban and interregional migration 
in Poland, is the scarcity or absence of (long enough) time 
sequences regarding many import f factors. For example, the 
v 
values of regional, personal, and aggregate consumptions were 
not collected in a systematic way (the data for 1960, 1365, 1970, 
and 1973 are available only). The demographic and housing 
related data are, however, complete and available. That enables 
the construction of housing and employment submodels which, 
generally speaking, have a considerable impact on migration 
in Poland. In order to show how these submodels can be con- 
structed consider firstly the housing submodel. 
The availability of housing for a family, at a given 
region, can be characterized by the factor: 
- a - number of apartments available 
'h - 5 - number of existing households 
Since each year t, a number n(t) of new apartments is 
constructed, and a fraction 6a(t) is demolished the following 
first order difference equation 
Aa(t) + 6a(t) = n(t) , Aa(t) = a(t) - a(t-1) , 
should hold. 
Then, given the initial condition a(0) the number of 
apartments at the year t becomes 
The rnodel for the number of households h(t) can be con- 
structed in a similar form, i.e.: 
where 
m ( ~ )  = number of marriages in the year T 
d = fraction of households dissolved (by death or 
divorce). 
The unknown parameters 6,dcan be estimated using the 
relations: 
Using the statistical data published annually by the Main 
Statistical Office in Poland [7], one can estimate (by linear 
regression), the 6, 19 parameters. The estimates (average for 
the whole country) are: 6 = 0,00389, 19 = 0,01817. The value 
of fh(1974) for urban areas was fhu = 0,844 and fhr = 0,893 for 
rural areas. The crossregional analysis shows that these 
estimates change according to the housing construction and 
demography. 
c 
L 
Since - h" - 0f844 = 0.945, an average migrant contemplatinq 
fhr 0,893 
to move in 1974 from a rural or urban area was, generally 
speaking, discouraged by housing shortages. However, besides 
housing, the other indices were prevailing, and the rural + urban 
migration was, in most regions in 1974, positive. 
The next important submodel of migration deals with 
employment. The regional employment impact on migration can 
be described by the number of jobs e(t) to the productive part 
of the population Z (t) ratio, i.e. 
The model for e (t) takes into account the productive capit a1 
K(t) which is created by investnents i(t), i.e., 
where 
The population in the production age Z(t) can be derived 
by using a regional standard demographic submodel. 
A characteristic feature of the models described by (17) to 
(20) is that the index level in the given year t depends not only 
on the inputs n (t) , m(t) and i (t) in the year t, but also on 
the inputs in all the previous years t - 1, t - 2,..., etc. 
From the computational point of view, more simple are the 
models in which fv(t) depends on the inputs instantly. A 
typical model of this type deals with the personal and/or aggrtL- 
gate consumption per head index, i.e.: 
C 
, where ci, c2 = consumption per head in R ir R2 (21 
Since the net (balance) migration is the most important 
factor in the regional employment models, it is also possible 
to construct models in which the regional indices fv are compared 
with the average national indices Tv. In this case, instead of 
(21) one can write: 
In the case of n regions, the last model deals with n 
components instead of n(n-1)/ components, which are necessary 2 
to describe the individual interregional migrations. 
C 
As an example, in Table I11 the data 2 - for the 17 Voivod- 
C 
ships in Poland and the corresponding migration rates si and z i 
(net number of migrants in productive age over the population) 
in 1973 have been given. Using these data it is possible to 
compare how much the migrant's consumption will change when 
he changes his residence area. For example when a migrant moved 
Table I11 
Migration Rates and Consumption Distribution Among Polish Voivod- 
ships in 1 9 7 3 .  
No. 
1  
2  
3  
4  
5  
6  
7  
8  
9  
1 0  
11  
1 2  
1 3  
14  
1 5  
1 6  
1 7  
Voivodships 
Bialostockie 
Bydgoskie 
Gdanskie 
Katowickie 
Kieleckie 
Koszalinskie 
Krakowskie & Krakow 
Lubelskie 
Lodzkie & Lodz 
Olsztynskie 
Opolskie 
Poznanskie & Poznan 
Rzeszowskie 
Szczecinskie 
Warszawskie & Warszawa 
Wroclawskie & Wroclawa 
Zielonogorskie 
Consumption 
Total 
0 . 8 2 1  
0 . 9 3 2  
1 . 1 0 6  
1 . 1 2 5  
0 . 7 9 8  
1 . 0 5 3  
0 . 9 6 8  
0 . 8 2 0  
0 . 9 6 3  
0 . 9 3 6  
0 . 9 8 3  
0 . 9 8 0  
0 . 8 1 7  
1 . 1 6 0  
1 . 1 7 2  
1 . 0 8 6  
0 . 9 9 5  
C 
i/? 
personal 
0 . 8 2 7  
0 . 9 3 9  
1 . 1 0 8  
1 . 1 2 1  
0 . 8 0 7  
1 . 0 5 3  
0 . 9 5 9  
0 . 8 2 9  
0 . 9 6 2  
0 . 9 2 4  
0 . 9 7 0  
0 . 9 9 4  
0 . 8 1 9  
1 . 1 6 7  
1 . 1 8 9  
1 . 0 4 8  
0 . 9 8 5  
Migration 
s . 1 0 - 3  i 
- 4 . 3 1 3  
- 0 . 5 3 3  
3 . 5 5 3  
4 . 9 5 6  
- 3 . 9 6 0  
- 0 . 7 8 2  
0 . 0 5 3 6  
-3 .051  
- 0 . 6 3 5  
- 3 . 7 0 4  
0 . 1 1 9  
- 0 . 2 5 8  
- 1 . 1 4 6  
1 . 3 8 7  
2 . 3 8 0  
- 2 . 3 1 5  
-1 . I 3 8  
rates 
z - 1  C3 i 
- 0 , 2 0 5  
- 0 . 5 2 6  
2 . 6 5 1  
3 . 3 9 8  
- 2 . 9 8 1  
- 0 . 2 8 9  
0 . 0 0 7  
- 2 . 3 1  0  
- 0 . 6 5 0  
- 2 . 1 3 1  
0 . 0 3 3  
- 0 . 2 2 5  
- 0 . 9 8 9  
1 . 2 1 9  
1 . 7 3 3  
- 1 . 3 8 5  
- 0 . 4 6 0  
from Voivodship No. 1 to No. 4 in 1973;his consumption increase 
Ac 
was - - = 1.125 - 0.821 = 0.304, i.e. 30.4% above the average 
national consumption level c .  The increase out of personal 
income was (1.121 - 0.827) x 100% = 29.474, while the increase 
in the aggregate consumption, i.e. the social and environmental 
services was even larger: (1.143 - 0.79) x 100% = 35.3%. 
C Using the (long enough) time sequences of the sir i/- data 
C 
it is possible to construct a simple econometrical migration 
model of the following form: 
1 log (si + 1) = log di + a log- , i = 1 . n  , i - (22) 
C 
where the unknown paramters a d ,  can be determined by linear i' 1 
regression. 
In the model (22), all the factors, such as availability 
of jobs and housing, environmental and social amenities, are 
represented by the single parameter di. It is also tacitly 
assumed that the migrants react strongly to the change of personal 
and aggregate consumption level. Despite the evident short- 
comings of the last model, it is attractive for planning purposes. 
The reason is that using model (22) one can easily derive by (13) 
the socio-economic costs connected with migration, i.e. 
Since (22) can be written as: 
one can compute the cost components: . 
The estimation of a di parameters by fitting (22) to i ' 
the statistical data have a yield for Voivodships Nos. 2, 5, 8, 
9, 1 1  and 17: ci - 0.0166, d s 1,0005. For Voivodships Nos. 1, 
3, 4 and 7: ct = 0.025, d 2 1,0002. For large cities like Warsaw 
Krakow, Lodz, and Poznan, ci = 0.05 while d = 0.994. It should 
be observed that the elasticities connected with the impact of 
regional consumption change on the migration rate (a) are 
generally small numbers. As a result, the corresponding cost 
functions (24) increase (along with s. ) very fast. 
1 
4. REGIONAL POLICY MODEL 
One of the most important goals in regional socio-economic 
planning is to achieve such an allocation of production factors 
over space and time that at each region, the productive capital 
is used in the right proportion to the productive employment. 
Due to the demographic differences and migrations, the labor 
force is allocated over time and space in varying proportions. 
Besides, capital is not frequently attracted to these areas which 
have the largest labor resources. As a result, the labor efficiency 
y i /Li varies for different regions Ri, i = 1, ..., n, and a loss in 
n 
national product Y = C Yi follows. National economic planners, 
i= 1 
who are mostly concerned with the GNP(Y), would like to allocate 
the labor force in such a way that Y is maximized. For that 
purpose they look at the region wit.h an excess of labour (x.< 0 )  
1 
as a potential labor reservoir. There are, of course, two possible 
ways or policies to utilize the excess regional labor resources. 
The first is connected with the localization of new productive 
investments in the region discussed. The second consists in 
encouraging potential migrants to nigrate into the regions in 
which there is a shortate of labor force. The last policy 
C 1. . 
requires that the regional benefits - - , 1  = 1, ..., n) housing, 
C 
etc. should be regarded as the policy variables stimulating the 
optimum migration flows. In oder to decide on the best possible 
policy, a cost-benefit analysis should be carried out. .As 
previously shown in Section 2, the right flow of migrants 
produces a gain to the economy Ri, which is (for the small 
migration rates s.), equal to 
1 
where ei is the employed migrants share in s (in the case when i 
e data are not available, one car1 assume that e is equal to i i 
the employment share in the destination region populationj. 
At the same time, the migrztion cost (24) appears so the 
resulting benefit is: 
A 
Then, the general problem of finding the optimum si = s i ' 
n 
i = I, ..., n which maximizes.E Bi(si) subject to the ccnstraint: 
n 1=1 
L si = 0, can be solved. Since B. (s.) is a strictly concave 
1 1  i= 1 
A 
function, the optimum si, i = 1 ,  ..., n exist and they are uniq~e. 
The necessary condition for rural-urban migration optimality 
- 
requires that Bi (si) = c .  e. L - C l  (si) = 0 or (introducing (24) ) : 
I 1  i
where 
It can be verified that for all the Voivodships, the 
A 
existing migration rates are below s i = l,...nI if 
computed by (27). That can be explained by observing that the 
change of regional allocation of consumption does not represent 
the total costs accrued to the interregional migration. The 
urban infrastructure construction and environment pollution costs 
may be listed as additional components. Another important 
migration limiting factor is the availability of jobs and housing, 
which are in limited supply due to the limitation of regional 
investment funds. It should be observed that housing cost per 
apartment and data for migration costs of urban construction per 
additional resident or migrant in major Polish urban centers are 
available. 
An extended version of the model (22) should therefore 
include (in the place of di), the housing (17) and employment 
component (20) . 
The complete structure of such a model, containing the 
demographic, employment, economical, consumption, housing, 
and environment submodels, is shown in Figure 2. The model is 
supposed to be used for planning purposes in countries with 
planned economies, with decentralized planning, and decision 
structures. Each regional planning and decision unit is concerned 
Exchange 
Figure 2. Regional Policy and Migration Model 
with allocation of regional product Y among investments, i 
personal and aggregate consumption (i.e. services, housing, 
environment, etc.) and it exchanges information with the 
higher order planning and decision units. Any decision regarding 
new productive investments affects the production output Yi and 
the employment index (Fei) which, together with housing and 
consumption per head indices (Fhi, Fci) affect the migration 
rake (si). The economic part supplies the migration submodel 
with information (a,) regarding the migration benefits while 
1 
consumption and housing blocks supply the migration cost 
components. The migration rate is sent to the regional 
demographic submodel, which derives each year the productive 
population (Zi) , marriages (mi) and total population (P. ) needed 
1 
for computation of F and Fci indices. The model can be used hi 
for forecasting the regional production, employment, consumption, 
migration, etc. processes. 
In order to construct a model for investigation of rural- 
urban interactions and development it is necessary to split the 
basic blocks of Figure 2 into two separate subnodels. Since 
the rural economy in many countries (including Poland) contains 
the privately owned farms, the level of capital investments, 
as well as consumption, cannot be controlled directly, (e.g., 
by changing wages as is being done in the case of urban 
consumption). The indirect control of rural capital investments 
and consumption can be achieved by influencing the input and 
output prices which affect the private farming sector. The 
agriculture economic model which uses such an approach and is 
capable of cooperating with the rest of the submodels (within 
the model of Figure 2) has been described elsewhere [ 4 ] .  
It should be observed that in order to run the regional 
model successfully it is necessary to exchange the information 
regarding the level of regional investments, labor efficiencies 
Ye 
consumption levels ci, etc. with the higher level planning 
urlit which compares the indices and decides what the optimum regional 
participation should be in national production and consumption. 
The higher level planning unit usually proposes a sectorial 
investment plan based on the compromise between the economic 
efficiencies and regional equities. The regions come out with 
their own proposals and the final version of the investment 
plan is a result of coordination of the sectorial (called in 
Poland "vertical") plans with the regional (called "horizontal) 
versions of the investment plan, [ 8 ] .  The of scale benefits 
usually favor the industrial and urbanized regions within the 
cauntry. In order to stimulate the growth of rural regions a 
nubmer of policy instruments are being used. For example, in 
Poland, the structural and technological change of agriculture 
takes place. It consists in the aggregation of small private 
farms and an increase of the number of large, state owned farms. 
The latter use more productive capital, irrigation and specialize 
in production, which has a considerable impact on the increase of 
agricultural efficiency and rural growth. 
In order to investigate different regional investment 
strategies and their impact on production, employment, inter- 
regional migrations and consumption levels, the camputer 
operated regional policy model, shown in Figure 2, can be used. 
In countries with planned economies, such as Poland, basic 
statistical data exist, which make the construction of the model 
proposed quite feasible. 
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APPENDIX I1 
AGRICULTURE MODEL FOR EVALUATION OF POLICY IMPACT ON PRODUCTION, 
STRUCTURAL AND TECHNOLOGICAL CHANGE 
by R. Kulikowski 
I IASA 
SUMMARY 
The paper deals with the policy oriented model for 
studying the structural and technological change in farms 
belonging to different size categories. The farm is descri- 
bed by a number of production processes, including crop and 
livestock products. Each process uses as input factors, land 
labor, capital, water, fertilizers, etc. and it is subdivided 
into a number of operations (such as ploughing, fertilizing, 
sowing, irrigation, harvesting, etc.), which take place in 
sequence during the production cycle. The farmers are trying 
to allocate the inputs over time and space in an optimum 
manner. 
The model describes the optimum farmers strategies. 
Then, by linear regression, the parameters of production 
function for the Polish private farms subsector have been 
estimated. The impact of water and fertilizers use on the 
farm yield has also been investigated. 
AGRICULTURE MODEL FOR EVALUATION OF POLICY IMPACT ON PRODUCTION, 
STRUCTURAL AND TECHNOLOGICAL CHANGE 
by R. Kulikowski 
1. INTRODUCTION 
In many countries the agriculture production sector 
consists entirely, (or partly as is the case in Poland) of 
privately owned farms. In Poland, besides the small private 
farms, the state or collectively owned subsector exists as 
well. The farmers are trying to adapt their production 
technology and production mix to existing prices of inputs 
and outputs (which are controlled to a certain extent by 
government policy) in such a way that the objective (usually 
net income) is maximum. 
The fast urbanization process, which stimulates the 
rural-urban migration, as well as the demographic processes, 
i.e. the aging of farmers observed recently in Poland,. en- 
dangers the agriculture production efficiency. The govern- 
ment has therefore started a pension program for aged farmers 
who wish to retire and give up the land. The large state 
farms are created out of the excess of land or the land is 
sold to farmers who want to increase the farm acreage. As 
a result of all these processes the structural and technolo- 
gical change in Polish agriculture takes place. 
The planners and decision makers would like to estimate 
the impact of different policies in prices, taxes, subsidies, 
wages, credits, employment and migrations on the agriculture 
production and resulting national or regional growth. They 
would also like to investigate the impact of large regional 
investment projects, such as the Upper Notec Irrigation 
Project in Poland, on the regional development. They feel 
that the computerized agricultural models may help to evaluate 
different alternatives and may help to find an optimum policy 
for regional development [ I  1 , [ 5 ]  . 
The model of a typical farm consists of a number of 
production processes, generally including crop and livestock 
products. Each process uses as input factors land, labor, 
capital, water, fertilizers, etc. and it is subdivided into 
a number of operations (such as ploughing, fertilizing, 
sowlng, irrigation, harvesting, etc.) which take place in 
sequence during the production cycle. The farmers are trying 
to allocate the inputs over time and space in an optimum 
manner. 
Starting with the farm micro-economic model, by means of 
aggregation over time and space, the typical (generalized 
Cobb-Douglas) macro-economic production function is being 
constructed. Using statistical data and least squares the 
coefficients of aggregated production function have been 
estimated (for different farm size category). 
Using the model described one can also investigate: 
a) techological and production change resulting out of 
changes of input prices, wages, taxes and land rent; 
b) the scale benefits resulting from an increase of 
average farm area; and 
c) the marginal production cost, income, and consumption 
per head in farms of different size category. 
2. FACTOR ALLOCATION OVER TIME 
The agriculture output production x is assumed to depend 
on a number of inputs xV, v = 1, ..., m, such as land, labor 
force, capital, water, fertilizers, etc. and a stochastic 
variable w ,  which characterizes the impact of weather, soil, 
etc. random changes. Since one is interested in the expected 
value of x, given x the relation between x and x (which is 
v ' V 
called the production function) should be regarded as the so 
called regression function, i.e.: 
The typical production function is the generalized Cobb- 
Douglas function 
where 
t = time variable 
a(t) = given positive function 
B = given positive parameters. 
V 
Generally speaking, of scale production is possible, so 
m 
The output production value within the given accounting 
or planning period [Or TI becomes: 
T 
Y = p(t)x(t)dt , (2 
0 
where 
p (t) = price attached to x (t) . 
The economic activity is connected with input costs which 
in [Or TI should be less the given numbers Yv, i.e.: 
T 
@v[xv(t)] dt - < Yv , v = 1, ... ,m . 
0 
The typical cost function is: 
Y 
where 
wV (t) = exogenously given input prices 
yv = given positive numbers, v = 1, ..., m. 
As shown in the paper [2] the scale benefits (B > 1) which 
are taking place in urban economy are accompanied by increased 
input costs (yv > l j  due to transportation cost, congestion 
and environmental pollution. In a rural economy one can expect, 
generally speaking, benefits connected with aggregation of 
small farms and specialization in production. On the other 
hand, due to indivisibilities and unequal utilization of 
inputs within the production cycle, the cost functions should 
be regarded as convex, i.e. Yv > 1. It should also be observed 
Y 1 
that when one sets xv = [ v'wv]< into (1 ) the of scale 
benefits are counterbalanced by increasing input costs. 
The basic factor allocation problem can be formulated 
A 
as follows. Find the nonnegative strategy xv (t) = xv (t) , 
v = 2,. . . ,m [x (t) be given] which maximizes (2) subject to 1 
the constraints (3) . In the simple cases (1 ) , (4) the solution 
of the optimization problem is given by the following theorem 
(which was proven in [21 ) : 
Theorem 1 
Let wl (t) [xl (t) ] ' 1 be integrable in [ O f  TI and 
C "' yV = 1. Then the nonnegative strategy 
v=1 
exists and it is unique. Under this strategy the marginal 
~roduction cost becomes 
and the output (2) becomes 
The proof of Theorem 1 is based on the generalized 
Holder inequality: 1 
which becomes equality if qv(t) = CVql(t) , v = 2, ..., m 
(Cv = const) and W(t) = W = const., i.e. when p(t) is equal 
the production marginal cost 
m 
z uv(t) [xv(t) I v 
v= 1 p(t) = 
m 
a(t) n [xv (t) I 8v 
v= 1 
Assuming that 1 Yv - < Y , i.e. the expenses accrued to 
v=l 
A 
factor endowments Yv cannot exceed the output generated Y, we 
A 
can easily find the optimum values of Y - Yv , v = l,...,m, 
v 
which minimize W: 
The strategy ( 5 ) ,  (7) determines the optimum allocation of 
resources within [0, TI . 
Using Theorem 1 it is also possible to allocate resources 
in a more complicated (but closer to practice) system of 
M processes which are taking place parallel in time, but 
generally, at different fields A l l  ..., AM. Each process in 
turn consists of a number of operations (such as ploughing, 
fertilizing, sowing, irrigation, harvesting, etc.) denoted 
by Oji,...,O.n and taking place in sequence during the 
I jr 
production cycle (as shown by the chart in Figure 1). 
In order to describe the factor allocation strategy for 
an operation one can use Theorem 1. For that purpose we 
shall assume that the optimization period T is equal to the 
production cycle. Within that cycle the intensity of factor 
utilization is determined by agrotechnological knowledge mainly. 
It can be described by the operation intensity function a(t), 
which is zero outside the operation subinterval and has the 
property 
T 
ja(t)dt= 1 . 
0 
For example, the recommended sowing subinterval takes 
usually several days in the spring time, while the harvesting 
takes place rather in autumn. It can be observed that Theorem 
1 determines the coordination of factors, according to the 
exogenously given xl(t). In the case of operations a(t) is 
given exogeneously and x (t) (according to Theorem 1) are co- 
v 
ordinated by a (t) : 
Obviously, by eliminating, i.e. setting 
Y1 
a(t) = y [x, (t) I 
1 
into (8), one gets (5). 
In the case of the system of N operations, each desribed 
by ai (t) , the production function 
and cost functions: 
it is possible to find by (8) the optimum allocation of 
resources: 
and marginal production costs 
For each operation one can also derive the output Yi, which 
contributes to the final production output Y, according to the 
formula : 
N 6i N Y =  I[ Yi , C 6 = 1 .  i i= 1 i= 1 
It can be shown easily that the optimum allocation of Y 
among individual operations can be derived by the formulae: 
while 
h A 
Yiv = a Y , v = 1 ,..., m . iv i 
The marginal price of the final product becomes: 
3 .  FACTOR ALLOCATION OVER SPACE 
When t and operation index i is suppressed the problem of 
the allocation of m factors among M fields A,, . . . ,  AM (see Figure 
1) can be formulated as follows. Find the nonnegative strategy 
A 
X = X  , j = 1,...,M , v = l,...,m which maximizes jv jv 
M M 
Y = C Y , i.e. j max 1 ~.~xjl,...,x. I ~m 1 , (11) j=l 
'jvE~ j=1 
where 
-1 -1 
When fj [Ojl (Y. ) I-..fOjm 
3 1 
(Y. )I = a.f [Y ,...,Yjml 3m I j 1 (1 2 )  
where a = positive numbers, the problem (11) can be solved j 
using the following aggregation theorem. 
Theorem 2 
Let f(*) be a 
m v 
a) homogeneous, i.e. f(X Y ,..., X Y. ) = f(Y ,...,Y ) l-I Xv 1 ji m 3m j 1 Jm 
Xv = arbitrary, a > 0 , v = 1, ... ,m , zmaV < 1 , 
'd v=l 
b) differentiable in R with nonzero gradient, i.e. Ilgrad fII> 0. 
F i e l d s  
F i g u r e  1 .  F a c t o r  A l l o c a t i o n  C h a r t  f o r  a  T y p i c a l  Farm 
Then t h e  f u n c t i o n  
Y = 1 a . f ( Y  . Y m )  , a  - g i v e n ,  p o s i t i v e , a t t a i n s  
j=1 I 11 j  
A 
a t  an  unique  p o i n t  Y E R , j  = l , . . . , M ~  v = 1 ,  ..., m , t h e  j  v 
maximum v a l u e  
where 
A 
M m a 
v 
Y 
- jv/, 
a =  a ( ' l v j )  
 
' lv j  v , j  = l , . . . , M  , j = l  j  v=l  
Proof 
m 
S i n c e  C av < 1  , t h e  f u n c t i o n  f  ( * )  i s  s t r i c t l y  concave 
v=1 
i n  t h e  compact se t  R . Then, a c c o r d i n g  t o  t h e  g e n e r a l i z e d  
W e i e r s t r a s s  theorem, (which s a y s  t h a t  t h e  c o n t i n u o u s  f u n c t i o n  
A 
a t , t a i n s  an  ext reme p o i n t  i n  t h e  compact s e t ) ,  a  p o i n t  Y ER , 
A A jv 
j  = 1 ,  ..., M ,  v = 1 ,  ..., m ,  e x i s t s  such  t h a t  Y ( Y  ) = y .  S i n c e  i v 
t h e  g r a d i e n t  o f  f  i s  n o t  z e r o  t h e r e  is  no s t a t i o n a r y  p o i n t - i n  
R and t h e  optimum s o l u t i o n  must be  on t h e  boundary of  R ,  i . e .  
M 
t h e  c o n s t r a i n t s  C m j ( X j v )  5 Y v f  v = I , . . . , m ,  j  = 1 ,  ..., M 
j=1 
A 
must be  a c t i v e  a t  X . Then t a k i n g  i n t o  accoun t  t h e  p r o p e r t y  i v 
a )  one g e t s  (13)  Q . E . D .  
An i n t e r e s t i n g  a s p e c t  o f  t h e  a g g r e g a t i o n  Theorem 2 i s  t h a t  
t h e  a g g r e g a t e d  p r o d u c t i o n  f u n c t i o n  h a s  t h e  same a n a l y t i c  form 
( 1  3 )  a s  t h e  component f u n c t i o n s  f  . ( 0 )  . 
I 
I n  t h e  c a s e  when t h e  p r o d u c t i o n  f u n c t i o n s  a r e  Cobb-Douglas 
t h e  a g g r e g a t e  f u n c t i o n  can  be  d e r i v e d  e x p l i c i t l y .  
Assume t h e  component p . f .  t o  be  
where 
m 
C a  = a = l  
v=l  1.) - 9  . 
A 
It is easy to show that the strategies Y = Y , jv jv j = 1, ..., MI v = 1, ..., m, exist such that 
j=1 J 
A M 
attains maximum (Y) subject to the constraints 2 Yjv 2 Yv, j=l 
v = 1, ..., m. These strategies become 
where M 
k =  C k 
j = 1  j 
and 
h m a 
Y = k %  Yv V 
v=l 
k 
Obviously, in the present case k? = a = A .  
I jt'vj k 
4 .  IMPACT OF WATER AND FERTILIZERS USE ON THE FARM YIELD 
As a more concreate application of Theorem 2 consider the 
water and fertilizers allocation problem. The rest of input 
factors is regarded as fixed. Suppose the farm consists of M 
fields, having A. [ha] each, j = 1 , . . . ,MI which are used to 
3 
cultivatethe given M crops. The farmer should decide how much 
out of his total expenses for irrigation (YW) and fertilizers 
(Yf) to spend on each field. It is also necessary to derive 
A A 
the values YW = YW , Yf - 
- Yf which yield the maximum total 
benefits. 
It is firstly necessary to observe that the crop irriga- 
tion requirement W is the difference between the consumptive 
use of water (or the so called evapotranspiration) and the 
effective (or natural) precipitation b. The crop yield Y is 
a function of U = W + 5 and for typical (dry and wet soil) condi- 
tions is usually given in graphic form as shown in Figure 2. 
Observe that if no water will be used, due to natural precipi- 
tation characterized by bl (dry soil) and b2 (wet soil), the 
- - 
crops Y Y2 can be obtained respecitvely. A similar situation 1' 
occurs for fertilizers. 
F i g u r e  2 .  P r o d u c t i o n  F u n c t i o n  Given i n  G r a p h i c a l  Form 
Then the yield optimization problem, given the expenses 
YW and Y can be formulated as follows. f 
Maximize the net income 
M 
Y = C fj {mjw [A. (W. +b.)] $ [Aj(F. + C.)]} 
j=1 1 3  I jf I I 
acre feet W = water [ j acre year I 
bi = effective precipitation 
J 
acre feet F = fertilizers Lacre year j I 
c = natural soil fertility j 
subject to: 
M 
C { $ .  [A.(W. + b.)] - B.) < YW , 
j=l 3 M  3 3 3 3 - 
According to the constraints (1 5) and (1 6) the expenses 
YW and Yf accrue to the costs of'additional water and fertilizers 
required. 
-1 
Replacing A.(W + bj) by OjWIYjW +B.] ; A.(F + c.) by 
- 1 I j I I j I 
$ [Yjf + C . I and assuming that the assumptions of Theorem 2 3 
hold, one can write 
M 
Y = C a.f[Y + B Y + C.] 
j=1 I jw j' jf 3 
and 
where M M 
B =  C B , C =  j C Cj . j=1 j=1 
When YW = Yf = 0 the farm will still yield 
The farmer's gain (out of using water and fertilizers) 
becdmes 
Example 2 
Assuming f Z ( . )  af one gets (following Example 1) 
1 
kj = ajq , j = l...,M , q = 1 - ct W - ctf . 
In Figure 3 the graph of the function of 
"w aw AY = a[(Y + B) - B ] - YW for B = 1, a = 0.1, and W W 
different a is given. It can be observed that AY attains a 
n A 
maximum value for certain Y = YW. The value AY(YW) increases W 
along with a and it decreases when B increases. That means 
the irrigation is more effective when the soil is dry, but 
A 
of good quality (fertile). The AY(YW) increases also along 
B 
with aw = . To benefit from this effect it is necessary 
to choose the water intensive crop and low production cost tech- 
nology in such a way that BW is maximum with respect to irrigation 
costs exponent yW. It is also important that all the remaining 
production factors are coordinated in time as required by the 
optimum production schedule [4] . 
n 
When YW is derived, the allocation of water among the A j 
fields can be computed by the formula: 
- 1  - 1  A w = A~ qjw "jw + B.) - b j I j 
where 1 
A k_ ,. a,4 A 
5. ESTIMATION OF PRODUCTION FUNCTION PARAMETERS 
In the present section the problem of fitting the model 
to the existing (ex post) data will be studied. Since the data 
are usually connected with a national or regional accounting 
Figure 3 .  Farmer's Gain Versus Irrigation Cost 
system, which produces the data annually, we can select a 
year (e.g. 1975) and drop the t and i indexes in our general 
model of Section 2. We shall be concerned with the aggregated 
output (X) and land (A), labor (L) and capital (K) as the 
main inputs. 
In other words, we shall deal with the production 
function 
61 82 63 X = a A  L K 
and input constraints: 
w,A Y 1  - < Y1 
I 
Under the optimum strategy (5), (7) 
and the marginal output price becomes 
Our problem consists in the estimation OF '1 , $2, '3. p, a, 
W W 
'1. '2. '3, and price ratios 1/U2, 3/u2. The wage w2 can be 
regarded as given exogeneously, while the aggregated prices for 
land and capital are difficult to obtain. The capital rent (or 
price) depends for example on the tools and machinery used, 
which changes when the farm size and specialization changes. 
For the data bank one can use data collecred for a set of 
representative farms, which use the so called agriculture 
accounting systems. The data for such a system (consisting 
of over 1500 carefully chosen farms) are collected each year 
by the I.E.R. (the Institute ~f Agriculture Economy) in Warsaw, 
(Poland) and are published by the Central Statistical Office 
G.U.S., Warszawa, 1977. 
The data chosen frorr, that source are shown in Table 1 
No. 1 + 5. The values of the parameters al, a2, a3 were 
derived from farmers expenses accrued to land (taxes, land 
rent, fertilizers) cor~sumption and capital. 
The first problem is to check whether the farmers follow 
the optimum strategy (25, (26) and (27) when the size of the 
farm changes. In other words, it is necessary to check 
whether the data No. 1, 2, and 3 of Table 1 fit to the rela- 
tions, based on (25) , (26) and (27) : 
L log - = log C2 + b2 log A A 
K log - = log C3 + b3 log A A 
Crsing the linear regression (see Figure 4) one obtains: 
Y1 
log C2 = 2.36, log C3 = 2.14, 'y2 = 0.36, y3 = 0.58 
The value of y l  can be determined by setting the strategies 
(25), (26) into (21) , 1.e.: 
where B3 c = aC2 'c3 
T a b l e  I 
--
Representative Sample Data of Polish Private Farming Sector ,  19'74/75. 
working man/day 
Ly,l/y3= log C ,  = 2.14 
log C, = 1.58 
3 
log A 
1 I . I w I I I I ? 1 I I > 
Fisure 4. Estimation of 3 .  f. Parametezs 
Then y l  can be determined by fitting (by linear regression) 
the function: 
Y log /A = log C1 + b log A , 
where 
'm = market price of X 
to the data given in Table 1. 
The corresponding calculat.ions, illustrated by Figure 4 
Y yield = 0.72, log C1 = 1.53. Then 2 = Y1/0.36 = 2.00, 
Since a l l  n2, a3 arc given in Table 1 it is also possible 
to derive the corresponding values of Bi = yiai, i = 1, 2, 3; 
and B = B 1  + B2 + B3. The results pertaining to farms of 
different size, are given in Table 1. 
P/ ratio. The next problem is to derive the pm 
Since 
M I  a1 a2 a2 a3,a31-1 = -[a W 1  C B2 '3]-1 p = [al ((" -1 .. a 1 2  '3
I("? I 
L 
one gets 
P 
The values of - for different size categories are also 
("1Pm 
given in Table 1. Another com~arison of marginal production cost 
P-c11 refers to the average farm proii-action cost 6. Obviously = - 
D a1 ' 
where a = 0.11 (see Table 1 ,  No. 14). For the purpose oi 1 
further analysis In Ta.bSe 1 the. \.slues of labor efficiencies 
Y / ~  consumption Y = ci Y, and consumption per man-day have been 2 2 
qiven. 
6. ANALYSIS OF RESULTS OBTAINED 
- 
a. The model fits very well to the data in the cross section 
sense; i.e. for each chosen year. This can be explained by 
t h e  a b s e n c e  of  randam w e a t h e r  and  p r i c e  change  e f r e c t s .  
The yv and  C v ,  v = 2 ,  3  d e r i v e d  f o r  c o n s e c u t i v e  y e a r s  
change  s l i g h t l y  ( l e s s  3 % )  w h i l e  y l  and  C1 change  more,  
e s p e c i a l l y  when w e a t h e r  o r  p r i c e s  have  changzd .  The 
v a l u e s  o f  av and  c o n s e q u e n t l y  B v  change  a c c o r d i n g l y  t o  
t h e  a d a p t a t i o n  o f  f a r m i n g  t e z h n o l c g y  t o  t h e  c h a n g i n g  
p r i c e s .  
b .  I t  i s  n e c e s s a r y  t o  o b s e r v e  t h a t  a n  a t t e m p t  t o  f i t  t h e  
d a t a  t o  t h e  s i m p l e r  model w i t h  yV = 1 ,  a v  = B v r  v =  1 ,  2 ,  3  
w a s  u n s u c c e s s f u l .  T h i s  c a n  a l s o  b e  s e e n  i n  F i g u r e  4 when 
o n e  w a n t s  t o  f i t  t h e  d a t a  w i t h  a  l i n e  p a r a l l e l  t o  l o g  A 
a x i s .  The e r r o r  r s s u l t i n g  f rom s u c h  a  f i t t i n g  i s  unac-  
c e p t a b l e .  The v a l u e s  y  > 1 i n d i c a t e  t h a t  c o s t s  o f  i n p u t  
V 
f a c t c r s  i n c r e a s e  f a s t e r  t h a n  t h e  l i n e a r  f u n c t i o n .  However, 
B i s  a l s o  h i g h e r  u n i t y ,  which  i n d i c a t e s  t h a t  o f  s c a l e  e f f e c t s  
c o u n t e r  b a l a n c e  t h e  i n c r e a s i n g  i n p u t  c o s t s  i n  s u c h  a  way t h a t  
c .  The o f  scale e f f e c t ,  c h a r a c t e r i z e d  by B ,  d e c r e a s e s  a l o n g  
w i t h  t h e  f a r m  s i z e .  A n  a p p r o x i m a t i o n  o f  t h i s  t r e n d  shows 
t h a t  t h e  o f  scale e f f e c t  would d i s a p p e a r  a t  a  Earn s i z e  
of  a round  55 h a .  T h i s  f i g u r e  s h o u l d  b e  r e g a r s e d  as a 
l i m i t  s i z e  when t h e  o f  s c a l e  b e n e f i t s  a r e  e x h a u s t e d .  
O b v i o u s l y  t h e  s u b s t i t u i o n  3 f  l a b o r  by c a p i t a l  i s  v e r y  
e x p e n s i v e  and  much o f  a g r i c u l t u r e  e d u c a t i o n  i s  needed .  
S i n c e  t h e  p r o c e s s  o f  f a r m  a g g r e g a t i o n  i s  s o  f a r  d e v e l o p i n g  
by merg ing  t h e  s m a l l e s t  f a r m s ,  t h e  b e n e f i t  c a n  b e  d e r i v e d  
d i r e c t l y  u s i n g  d a t a  o f  T a b l e  1 .  I f ,  f o r  example ,  two 
f a r m s  ( f r o m  t h e  f i r s t  s i z e  c a t e g o r y )  merge i n c o  one  f a rm 
( o f  t h e  s econd  c a t e g o r y )  t h e  f i n a l  p r o d u c t - i o n  i s  less by 
L115.5 - 2  x 70.7 = -25.91 10' z l .  However, t h e r e  i s  a  
0 - 2 7 9 - 0 . 2 4 5  x 100 = 1 3 . 9 %  and r a i s e o f l a b o r e f f i c i e n c y b y  0 . 2 4 5  
one  worke r  c a n  e m i g r a t e  t o  t h e  more e f f i c i e n t  p r o d u c t i o n  
s e c t o r  o f  n a t i o n a l  economy. The consumpt ion  p e r  head  i n  
t h e  a g g r e g a t e d  f a r m  i n c r e a s e s  by 5 % .  
d. Using the methodology proposed it is possible to construct 
an extended version of the agriculture model which contains 
the main crops and livestock categories. Finding ?/pm for 
all products and the production quantities, it. is possible 
to see how farmers adapt their production technology to the 
existing p prices. If the decision maker wants to change 
m 
the existing production structure, by changing input and 
P output prices, he should firstly compute ths resulting /pm 
prices in order to see whethsr the farmers will 5ave enough 
incentive to produce what is required. 
The present model can easily be extended to include the 
collective and state farm sector as well. 
In a similar way, when the ned regional irrigatiog project 
is planned in ordsr to see whether the project will contribute 
to the agriculture income dnd regional growth, it is necessary 
to compute the resulting technological changes in terms of 
yv, 0, and av parameters and the corresponding P/pm, as well 
as consumption per head structure. In order to investigate 
the structural changes it is also necessary to construct a 
model for rural-urhan migration (including the demographic 
submodel). In order to make the model operational, the 
implementation of results obtained in the computerized form 
is needed. 
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SUmIP.RY OF DISCUSSIONS 
J. Owsinski 
Discussions during the workshop centered around a number of 
problems which were thought to be of crucial importance for both 
modelling of and actual planning for the Upper NoteC River Valley 
region. The problems and short summaries of corresponding discus- 
sions are given below according to the order of presentations to 
which these discussions pretained (see agenda). The summaries 
are accompanied by the list of the workshop participants who 
expressed their opinions on given subjects. 
1. Delimitation of the Reaion 
Discussants: M.M. Albegov, K. Dziewonski, J. Kostrowicki, 
M. Makowski, J. Owsinski, K. Parikh, 
C. Sonorowski 
It was argued that the region under consideration should be 
greater than just the Upper NoteC basin, i.e., that such delimit- 
ation is somewhat artificial from the point of view of criteria 
other than watershed boundaries. Thus, the close connection of 
the basin with the traditionally defined Cuiavia region and with 
the Vistula Water System--especially if water transfers from the 
Vistula eventually takzs place--and the low and sometimes hardly 
traceable watershed bodndaries were pointed out 2s arguments for 
broadening the region, as was the existence just outside the region 
of two big agglomerations (Bydgoszcz and Toruh) to which a major 
portion of the region's activities gravitate. It was therefore 
stated that although from the pcrely water economical point of 
view, the choice of the region as Sn initial object of consid- 
eration, was correct (taking as a criterion, e.g., the value 
of water for a given area), for other subsystems and purposes 
(spatially) broader studies should be conducted so as to, at 
least, establish (optimal) solution sensitivities to the region's 
size. 
2. Mobility Transition and Migratlon/Commuting Propensities 
Discussants: M.M. Albegov, K. Dziewonski, P. Korcelli, 
J. Kostrowicki, R. Kulikowski, A. La Bella, 
K. Parikh, Z. Pawlowski, F. Willekens 
The proposition forwarded by F. Willekens in his paper, that 
spatial demographic processes in Poland are switching from the 
first to the second of the four phases he describes, was chal- 
lenged on the basis of inadequacy of data and it was stated that 
Poland presumably is nearer to the third than the to the second 
phase already. Similarly, it was argued that neither the income 
nor wage differences played the major role in causing migration, 
but rather differences in possibilities of job choice and in 
social infrastructure. On the other hand, commuting was attributed 
to income reasops. Thus, commuting cannot be generally fully 
considered as a substitution to migration, although in specific 
cases it can. In view of the various possible ways of attaining 
the r~gional economical development, it was deemed appropriate to 
study in some more detail possible future migratory/comrnuting 
patterns, especially with regard to neighboring agglomerations. 
3 .  A g r i c u l t u r a l  Labor  F o r c e  Changes and I t s  R e l a t i o n  t o  
P r o d u c t i o n  and  A c t i v i t y  s t r u c t u r e  
D i s c u s s a n t s :  M . M .  Albegov,  K .  Dziewonski ,  J. K o s t r o w i c k i ,  
R.  Kul ikowski  
The q u e s t i o n  o f  t h e  f u t u r e  c h a n g e s  i n  t h e  r e g i o n ' s  p o p u l a t i o n  
s t r u c t u r e  i n  c o n n e c t i o n  w i t h  f a c t o r  u t i l i z e t i o n  p o s s i b i l i t i e s  
b r o u g h t  w i t h  i n v e s t m e n t s  r e l a t e d  t o  i r r i g a t i o n  p r o j e c t s  was 
d i s c u s s e d .  A l though  an  e s t i m a t i c n  was f o r w a r d e d  t h a t  i n  t h e  
medium o r  even  l o n g - t e r m ,  f u t u r e  p o p u l a t i o n  w i l l  b e  s t a b l e  i n  
t h i s  a r e a  ( n o  m a j o r  r u r a l  d e p o p u l a t i o n ) ,  t h u s  s e e m i n g l y  n o t  
c r e a t i n g  e f f i c i e n c y  ( p r o d u c t i v i t y )  and  i n t e n s i v e n e s s  p r o b l e m s ,  
it i s  a l s o  n e c e s s a r y  t.o a s s e s s  t h e  e d u c a t i o n a l  and p r o f e s s i o n a l  
s t r u c t u r e  c h a n g e s ,  u n t i l ,  p e r h a p s ,  t h e  c r e a t i o n  o f  a  s p e c i a l  
e d u c a t i o n  s y s t e m  model .  
4 .  Types o f  P r o d u c t i o n  F u n c t i o n  and  t h e  R a t i o n a l e  f o r  T h e i r  
P r o s r e c t i v e  U s e  
D i s c u s s a n t s :  M.M. Albegov,  Z. Kaczmarek, R.  Kul ikowsk i ,  
Z .  Pawlowski 
B e s i d e s  t h e  p r o d u c t i o n  f u n c t i o n s ,  t h e  problem o f  t h e  u s e  o f  
h i s t o r i c a l l y  e s t i m a t e d  p a r a m e t e r s  f o r  f u t u r e  ( i n t e n t i o n a l )  
p l a n n e d  change  p r u p o s e s  was a s s e s s e d .  I n  p a r t i c u l ~ r ,  it h a s  
been  p o i n t e d  o u t  t h a t  t h e  Cobb-Douglas f u n c t i o n s  of  t h e  form 
u s e d ,  d o  w e l l  f o r  a  s u f f i c i e n t i y  s low t e c h n o l o g i c a l  p r o g r e s s .  
I t  was p o i n t e d  o u t  t h a t  t h e  u s e  o f  s p e c i f i c  fo rms  o f  f u n c t i o n s  
i n  i n i t i a i ,  e x p l o r a t o r y  s t u d i e s  w e r e  c a u s e d  by t h e i r  r e l a t i v e  
s i m p l i c i t y  ( p o s s i b i l i t y  o f  a p p l y i n g  l i n e a r  r e g r e s s i o n ) ,  and  
t h a t  i f  r l e c e s s a r y ,  t h e  f u n c t i o n s  c o u l d  b e  made more i n t r i c a t e  
w i t h  l i t t l e  d e t r i m e n t  t o  s i m p l i c i t y  o f  a n a l y s i s .  B e f o r e ,  
however, passing over to temporal changes in production functions 
it was deemed advisable to consider their various static forms. 
This triggered a discussion on the subsequent subject. 
5. Aggregation and Disaggregation of Production Units 
Discussants: R. Domhnski, J. Kindler, J. Kostrowicki, 
14. Makowski 
It was concluded that in order to adequately represent the 
behavior of the agricultural production sector, it would be 
necessary to consider separately the state and the private farms 
in the region and then within these two main categories to discern 
a certain-minimal number of farm types based upon various soil, 
acreage and urban market closeness criteria. Such behavior 
submodels could then, possibly, be used as production functions. 
With regard to an evident diversity of behaviors, views were 
expressed stipulating reconsideration of the notion used and of 
homogeneity of optimum. As far as the farm structure goes, it 
was also deemed appropriate to project or at least envisage future 
changes, rather than t.o adopt & constant structure <e.g., share 
of private and state farming). 
6. Inclusion of Other Sectors 
Discussants: R. Domanski, J. Kostrowicki, R. Kulikowski 
A proposition was forwarded, but then dropped, of considering 
the recreation and tourism sector based upon lakelands of the 
Upper Note& basin and upon avhilable labor force. Development 
of this sector was not regarded as having any special opportunities 
there, and therefore, as being of great possible importance to 
the regional economy. 
7 .  - Water System Optimization Options 
Discussants: M.M. Albegov, V. Chernyatin, K. Dziewonski, 
M. Makowski, Z. Pawlowski, C. Somorowski, 
0 .  Vasiliev 
The question of feasible regiocal features for optimization 
resulting from specification of technically possible reservoirs' 
and other elements' designs was discussed. Then the discussion 
turned to these factors which could place the global optimum 
outside of the feasible or search region as defined by technical 
and other assumptions. The problems proposed for consideration 
here were: multi-year rather t.han one-year storage, dynamics of 
drying (or of 5ypothetical "steppization") of the soils in the 
region, and (in connection with the latter) possibilities for 
"evolutionary" rather than drastic changes in the water system 
so as to maintain appropriate correspondence with the pace and 
character of natural processes, Although within the presently 
defined design problem the above problems are not explicitly 
taken into account, they should in general, be looked at, at 
least for assessment of optimal solutions' sensitivities. 
Another problem discussed touched upon the connections of the 
investment model to other socio-economic models and it was proposed 
that they be stronger and more explicit (i.e., mere stating that 
some parameters will be given as exogeneous is not sufficient). 
It was especially felt that the specification of priorities should 
be given more attention and be subject to economic anslysis. 
In addition, it was deemed appropriate to reconsider the way 
stochasticity is incorporated in the water system investment 
and operational models. In particular, it was proposed that more 
stochasticity could be introduced to the investment model, 
while the operational one did not necessitate that much of it. 
8. Correspondence of Optimization Techniques to Institutional 
Systems 
Discussants: J. Gutenbaum, N. Okada, H. ~ietkiewicz-Saldan 
In view of the utilization of decomposition techniques within the 
operational model, the question was discussed whether any corres- 
pondence exists between the real and optimization algorithm 
stucturalization. The conclusion was reached, that in future 
modifications of the model t.his question will be given adequate 
attention. 
SUMMARY 
CONCLUSIONS 
The Notec Regional Development Project Task Force Meeting 
was held on May 10-11, 7 9 7 8 ,  at the International Institute for 
Applied Systems Analysis, in Laxenburg, Austria, as a consecutive 
stage in the realization of the Agreement between IIASA and SRI- 
PAS on scientific cooperation in matters concerninq the develop- 
ment of the Notec river valley region. 
The purpose of this introductory Task Force Meeting was to 
receive presentations from the Polish side on the main features 
and problems of the region in and on the research direc- 
tions in which the modelling work will be pursued within the SRI 
(see Appendix 1 for the Agenda of the Task Force Meeting). These 
presentations have therefore lzid down the basis for discussions 
with the IIASA staff and other participating scholars (see 
Appendix 2 for the list of participants) concerning the actual 
scientific contents and organization and the cooperative work. 
In the course of discussion, the following conclusions 
(concerning the conten.is of research) were reached: 
It was deemed to be of utxtost importance to preserve, through- 
out the study, the broad perspective of the regional socio-economic 
system and its linkages with obtside regions and with the country 
as a whole. Especially the optimal path of agricultural growth 
should be very closely looked at. Thus, the emphasis on opera- 
tional techniques for water system planning and manayement 
represents the initial stage of realization of the modelling project. 
In order for this staue to provide an adequate starting point for 
the creation of the overall system of models for integrative 
regional planning, it must enable a rational estimation of 
economic effects of water resource uses in agriculture and in 
other types of activities. This will make it senseful to con- 
jointly use the water resource models and agricuitural, as well 
as other economic sectoral models. Furthermore, if such a core 
of a system were created it wculd be justified to expand it with 
the models of urbanization (migration and settlement dynamics) 
-.-- 
services-transportation, - educ3tion (professional training) and 
health care systems, rather than rely on exogenously given 
parameters. 
Specifically, it wss postulated that the modelling work 
should account for changes i,n agricultural structure (farmers' 
age and skill shifts, types of farms and their orientdtion, etc.) 
and farmers' behavior. This will make it possible to arrive 
at the constructs corresponding to production functions (clas- 
sified according to farm types, soil, and subareas). On the 
other hand, there is a need for adequate soil and crop models 
reflecting influence of various factors with due account taken 
of water. 
In view of the essential influence of existing, or emerging, 
agglomerations bordering on the area under study and also 
because of the anticipated structural changes within the area, 
it was proposed to elaborate models of demographic and urban 
processes. This could comprise the settlement system changes 
model for the Notec Basin, the urban growth model for the 
neighboring agglomerations and the resulting consequences for 
the Notec Basin, and the migrations model. In connection with 
the latter, reference was made to techniques worked out within 
the Human Settlements and Services Area at IIASA. 
The final result of the work on the system of nodels should 
ensure that the synthetic view of the future spatial organization 
of the region should hz obtained with the help of models contained 
therein. 
(Concerning the organization oE cooperation) : 
The essential contributicn that IIASA will maks to the 
cooperative research will have a methodological character and 
will be made through the evaluation and modificaticn of 
approaches elaborated within the SRI or through propositions 
as to other methods. In the latter case, it is anticipated 
that modelling and computer implementation could be inade within 
IIASA by interested IIASA staff with data provided by the Polish 
side. 
It was concluded that the programming of the cooperation 
should be coordinated with the schedule of the Polish Govern- 
mental R & D Programme PR-7 concerned with water resources, 
especially in the part pertaining to the Notec river watershed, 
and with the schedules of the IIASA activities dealing with 
regional problems, especially with the Working Plan for the 
Elaboration of the System of Models for Integrated Regional 
Development of the Silistra Region, in Bulgaria. This would 
mean, for example, the organization of common meetings for 
the Notec and Silistra projects, as well as other projects 
included in IRD activities whenever this would meet the interests 
of all sides. On the other hand., there should be a provision for 
individual consultations, either through short visits 3f IIASA 
representatives to Polacd with expenses covered by the Polish 
side or through the short visits of the Polish specialists to 
IIASA with expenses covered by IIASA. The guidelines set out 
in the Agreement between IIASA and. SRI-PAS shoul-d be observed. 
Thus, it was considered appropriate for the cooperative 
research to be conducted according to the following tine frame: 
1 September Conference in Jablonna (near Warsaw) . The conference I 
1 1 9 7 8  /will constitute an opportunity for the participants 
i /from both the Polish and IIASA side to prssent and I 1 discuss models and newly obtained results for the 
1 
,Notec project, as well as for more generally conceived 
i regional development. During the conference, a number !of representatives of Polish design and cor~struction 
/organizations involved in work in drainage and irriga- 
1 tion in the Notec watershed will participate. Hence, 
I 
I 
i 1 it will be possible, through discussions between 
'methodologists and practitioners, to establish the 
basis on which to adjust and modify the actual system 
of models' structure and also the individual models. 
,It is anticipated that a number of IIASA scientists 
1 [presenting papers at this conference could expect to 1 receive financial support from the Polisn side. 
November ) 1 9 7 8  1 It will therefore b2 possible to consider the system of models' structure and contents for the Notec region together with the General Concept for the 
Silistra system of nodels. 
Throughout 
1979 
, 
Further work in the next year will consist of testing 
water resource planning and management models and 
elaborating other subsystems--firstly the models of 
regional agriculture and of their links with other 
sectors and other regions, and then the models ac- 
counting for settlement and migration dyr~amics. All 
this work should make the concept of the system of 
models more accurate. 
April/May 1979 
Augus t/September 
1980 
end of the 5 - 
year plan period 
in Poland 
7- 
Beyond 
1980 
The above will require two workshop-type meetings 
scheduled according to the PR-7 Research Programme's 
timing and to IRD activities at IIASA. 
By the end of the 5-year planning period a report 
on water aspects of the Notec Recjion should be 
prepared in the framework of the PR-7 Programme. 
The work on water resource models has therefore 
to reach the implementation phase and simultaneous- 
ly all these other subsystems which define pre- 
requisites for water system developnent and 
management (a2ricultural and industrial growth, 
migrations and settlements) must be operational. 
In order to obtain a fuller and nearer to the 
optimal picture of regional development, the 
work would go on in the direction of synthesis of 
the overall system and of the elaboration of 
further, complementary, subsystems (education, 
health care, environmental protection). A model 
should also be built or adopted to incorporate 
the links with neighboring, industrialized 
and urbanized regions and with the whole of 
the country's economy. 
The above summary conclusions of the Notec Regional 
Development Task Force Meeting are meant to serve as guide- 
lines for future cooperation between IIASA and SRI-PAS on 
the Notec Integrated Regional Development Project. 
I.I.A.S.A. 
Prof. Murat Albegov 
S.R.1.-P.A.S. 
Prof. Roman Kulikowski 
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